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SUMMARY 
This study is part of a regional study in adjustments 
and supply responses in dairy production. It has two 
major objectives. One is the application of linear pro-
gramming to specify optimal organization of typical 
farms representative of all farms in northeastern Iowa. The 
second objective is to compute normative supply func-
tions for milk and hogs. As a further step in the latter 
obje.ctive, the results of this study will be combined into 
a regional study in which normative supply response for 
milk is aggregated over parts of five states. 
In the Iowa portion of the study, reported here, farm 
plans and normative supply functions were derived by 
parametric (variable· pricing) linear programming for 
each of 10 representative farms. The technical coefficients 
used were designed to reflect a level of management and 
farm technology considered attainable by farmers in 
1965. Prices also were estimated for 1965. However, 
prices for milk and hogs were varied to derive supply 
functions from optimal farm plans. These normative 
supply functions reflect optimal levels of production for 
the various prices. 
The individual farm plans computed call for greater 
specialization and intensification of production than are 
currenily found on farms in northeastern Iowa. Crop 
sequences include fertilization at recommended rates for 
all price ranges .considered. Grain production is empha-
sized at most price combinations except when milk prices 
are high enough to cause large dairy herds to be profit-
able. With milk prices high relative to other prices, 
optimal plans include only dairying and crops that supply 
large amounts of forage. Dairy enterprises range up to 
78 cows with parlor-milking facilities on larger grade A 
dairy farms. 
Plans for the representative farms specify beef-feeding 
and cash.cropping enterprises at low milk and hog prices. 
For this price situation, the number of feeder cattle is 
about one per acre of cropland. On farms where operat-
ing capital is sharply limited, cash-cropping is most 
profitable for low prices of milk and hogs. For high 
pri.ces of both milk and hogs, quite large hog and dairy 
enterprises are included in the optimum farm plans. A 
large hog enterprise alone is included in profit-maximiz-
ing plans when hog price is high and milk prices are low. 
Under these situations, a few beef cows are included as 
a profitable method to utilize forage. 
The supply functions and cross-supply functions for 
milk, hogs and beef derived from the optimal farm plans 
have high elasticities when compared with those obtained 
from time-series studies. The supply quantities depend 
heavily, of course, on the price of the same product and 
on prices of competitive products. At prices near the 
projected level for grade B milk, grade A milk and hogs, 
the following ranges of elasticities of supply were ob-
tained: grade B milk, 3.82 to 17.50; grade A milk, 0.82 
to 3.29; hogs, 5.77 to 38.15. The projected grade B milk 
and hog prices ($3 per hundredweight for milk and 
$14.10 per hundredweight for hogs) are in price ranges 
causing alternative products to compete closely for avail-
able resources. At the projected price for grade A milk 
($4 per hundredweight), few enterprises can compete 
with dairying for resources of farms capable of produc-
ing grade A milk. The cross-elasticities of supply for 
grade B milk production with respect to hog prices range 
from +0.22 to -6.88 at prices near those estimated for 
1965. Except for a limited situation indicated by the 
positive cross.clasticity, dairy and hogs are competitors 
for resources. The one exception occurs when high pork 
prices cause hogs to be more profitable than feeder cattle 
and some forage is released for dairying. Cross-elastici-
ties of supply for grade A milk with respect to hog price 
range from 0 to -3.35. The cross-elasticities for hog 
production with respect to milk price, at prices near the 
projected price levels, range from -0.52 to -6.31. 
Cross-elasticities of supply for aggregate beef production 
with respect to hog prices range from -2.08 to -9.68 
for milk and hog prices near the projected levels. The 
cross-elasticities for beef production with respe.ct to milk 
prices range from -0.36 to -7.89. 
Aggregate beef production was relatively large in 
most computed plans because the beef-feeding margins 
underlying the plans were somewhat higher than those 
prevailing in recent years. Hence, a few plans were com-
puted for situations with somewhat less favorable beef 
prices. The lower price margins substantially reduce 
optimal levels of beef production. Also, they lower the 
minimum prices at which milk and hog production be-
come profitable. 
Modifications of the normative supply models used 
included variation in the per-farm supply of land and 
labor. The results of these models, allowing consideration 
of long-run supply functions, suggest that further studies 
in supply and interregional competition should include 
provisions for farm expansion. Four findings of the study 
that lead to this conclusion are: (1) The rate of farm 
consolidation in the area is rapid and appears to be 
increasing. (2) The results of this study, as well as 
numerous other linear-programming and budgeting 
analyses of farm organization in Iowa, show that crop-
ping enterprises have highest profit priority on use of 
farm resources. Land expansion, thus, becomes a profit-
able activity to be incorporated into planning models. 
(3) The results of this study also show that, even with 
increased costs of land ownership, farm incomes would 
increase sharply if farm size were increased. (4) Imputed 
marginal value products for cropland are high in plans 
where farm size is fixed. These marginal value products 
range from approximately $23 to $80 per acre per year, 
depending on the prices of milk and hogs and the present 
size of farm, and are higher than annual costs of land 
ownership or rental. Expansion of farm size is one of the 
major adjustment opportunities in the area. 
About one-sixth of the farms surveyed in the area 
had been enlarged in the last 10 years or since the 
operator had come on the farm, whichever was the least 
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number of years. Also, there have been many enterprise 
changes in recent years. There is a tendency for dairying 
and other livestock enterprises to become more special-
ized. Approximately one-fifth of all the farms in the 
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survey had dropped dairying in recent years. However, 
specialized dairying was also frequently added or ex-
panded. These changes are consistent with those sug-
gested in the programming analysis. 
Normative Supply Functions and Optimum Farm Plans 
for Northeastern Iowa' 
by Jay C. Andersen and Earl O. Heady' 
Changes in markets for agricultural products and in 
the structure of production costs are forcing changes in 
farm organization. In dairy farming, new technology has 
given a ,cost advantage to larger herds. Consequently, 
there has been a trend towards substantially fewer, but 
larger and more specialized, dairy farms. This trend has 
been augmented by the low resource returns realized over 
the last decade by dairy farmers. 
Technological advances also are affecting the market 
structure and interregional relationships for milk. Trans· 
portation improvements have increased the feasibility of 
long hauls. Farm bulk·handling methods have facilitated 
bulk assembly and processing. Widely separated produc. 
ing areas for milk, as well as for other products, are 
coming into competition with one another. Milksheds are 
becoming less insulated by space. Sterile concentrate milk 
may cause even more distant producing areas to be 
merged into competition. Nearly all commercial milk 
may eventually qualify for fluid use, and differences 
between prices of milk by regions may come to reflect 
mainly transportation ,cost differentials. 
This study is part of a regional project, organized by 
the Farm Production Economics Division of the Economic 
Research Service, United States Department of Agricul-
ture, for analyzing adjustment potentials in dairy farm-
ing. The purposes of the study are to indicate optimum 
farm organizations and the potential magnitude of output 
for dairy products and other farm commodities that are 
competitive with or complementary to production of milk. 
The Iowa portion of the project is designed to suggest 
guides for adjustment of resource use in the northeastern, 
or dairy, area of Iowa. The Iowa work and companion 
studies in Minnesota, Wisconsin, Illinois and Michigan 
provide the basis for evaluating the regional competitive 
position of various products. In addition, other studies 
now underway in the northeastern United States will 
provide the basis for an analytical comparison of the 
'Project 1277 of the Iowa Agricultural and Home Economies Experiment 
Station in cooperation with the Farm Production Economies Division, 
Economic Research Service, United States Department of Agriculture. 
'Jay C. Andersen is agricultural economist, Farm Production Economics 
Division, Economic Research Service, United States Department of 
Agriculture, formerly stationed at Ames, Iowa. Earl O. Heady is 
Charles F. Curtiss distinguished professor of agricultUre, Department 
of Economies and Sociology, lo ... a State University. The authors are 
indebted to other participants in the Lake States Dairy Adjustment 
Study. Association with this group provided many of the concepts and 
data used in this bulletin. 
competitive position of milk production in the Lake States 
area (including part of Iowa) with the eastern seaboard. 
Regional studies, such as the one reported here and those 
being conducted simultaneously in other states, provide 
a basis for projecting the changes possible in production 
and market structure as the technology of dairy farming 
is altered. The analysis in this study, where potential 
adjustments of individual farms are aggregated into a 
regional supply estimate, allows examination of the re-
sults from a region as a whole. 
The study is normative, rather than descriptive of 
past trends. The prices and production coefficients are 
for 1965. The profit-maximizing or optimum plans for 
each type of farm, and for farms in the aggregate, include 
modern technology where it is profitable. 
It is evident that, whether the forces causing adjust-
ments stem from changes in production or in consump-
tion, both supply and demand schedules are necessary for 
a complete analysis of volume and prices. However, a 
study of supply alone can indicate the relative magnitudes 
of shifts in production possible or potential in different 
producing regions. Since a comprehensive study of in-
terregional production and consumption of even one 
commodity is extremely broad and difficult, this study is 
restricted to the normative supply functions for milk in 
northeastern Iowa. 
Objectives 
The general objectives of this study are to determine 
the optimal organizations of representative farms under 
alternative prices for milk and hogs and to derive aggre-
gated normative supply functions for these two products. 
Specifically, the objectives are: 
1. To determine characteristics of present organiza-
tions of farms in northeastern Iowa; 
2. To derive profit-maximizing farm organizations by 
using linear-programming techniques on representative 
farm types of northeastern Iowa for alternative hog and 
milk prices; 
3. To derive normative supply functions and cross-
supply functions which are aggregated to represent all 
northeastern Iowa; and 
4. To investigate the feasibility of individual farm 
planning as a means of solving regional adjustment 
problems. 
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Aggregate Supply Functions 
From Linear Programming 
Numerous methods can be used to study supply rela-
tionships. The method of aggregated optimal firm reo 
sponses, derived from linear programming models and 
based on cross·sectional data, was selected for use in the 
Lake States study because of the interest in interregional 
competition and in relating the aggregated supply esti· 
mates back to adjustment needs on farms. Allocation 
back to individual farm firms is a "direct process" if the 
aggregate supply estimates represent a summation of the 
supply functions of individual farms. 
The various aspects of deriving aggregated response 
functions, as well as comparison of alternative methods, 
are discussed by Mighell and Black' and by Heady, et a!.' 
Hence, these procedural problems will not be discussed 
here. 
The supply functions estimated are normative. The 
term "normative" supply estimates is used to denote 
response relationships based on some end or goal, such 
as profit maximization which is used in this study. "Con· 
ditional normative" may be a more accurate term to 
describe these analyses, since many institutional and 
internal resource restrictions are imposed on the profit-
maximizing models used. The normative supply functions 
for both milk and hogs are derived in the form of 
"stepped" supply functions, rather than "smooth curves" 
in the neo-c1assical fashion. As a supplementary step, the 
stepped functions are smoothed through the derivation of 
least-squares regression equations: 
The linear-programming procedure used in this study 
is as follows: Price of one product is varied over the 
relevant range of interest. Outputs of various products 
are then computed for the resulLing price ratios, with the 
product levels being those that would maximize profits 
on individual farms. From these production levels, a nor-
mative supply function is then derived for an individual 
farm-indicating the amounts of products that should be 
produced at each price level if profits are maximized. 
The procedure is then repeated with the price of a com-
peting product or with the quantity of a resource held 
fixed at another level. Thus, a group of ceteris paribus 
supply curves are derived for each farm, and these are 
aggregated into a supply function for the region studied. 
The programming procedure used involved the strati-
fication of numerous individual farms from those in-
cluded in a sample survey. A model farm was constructed 
to represent the farms with particular economic and 
physical characteristics in each strata. The farm plans 
'Ronald L. Mighell and John D. Black. Interregional competition in 
agriculture. with special reference to dairy farming in the Lake States 
and New England. Harvard University Press. Cambridge. Mass. 1951. 
'E. O. Heady. C. B. Baker. H. O. Die.slin. S. W. Kehrberg. S. D. 
Staniforth. eds. Agricultural supply functions: estimating techniques 
and interpretation. Iowa State University Press. Ames. Iowa. 1961. 
"Although the geometry of presentation would aJlPear to make curves 
have the property of reversibility. they actually are not reversible. A 
farmer who makes a fixed investment in new stanchion or varlor-
milking facilities will continue to use them at lower prices than Bre 
necessary to bring about the original investment. 
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Fig. I. Major soil-area county groups for northeastern Iowa. 
and the derived supply functions for these individual 
strata are aggregated into supply functions for north-
eastern Iowa. Aggregation was performed through 
weights estimated for each strata by the methods to be 
explained later. The same general procedures are being 
used by the five states participating in the regional study 
so that the supply functions for all states can be com-
bined. The sections which follow describe the sampling, 
weighting and programming methods used. The linear-
programming model is described in some detail in the 
text since the algebraic formulation is obvious. 
REPRESENTATIVE FARM SITUATIONS 
FOR NORTHEASTERN IOWA 
Sample of Farms 
In selecting representative farm situations for the 
17-county area of northeastern Iowa, the area was first 
divided into two major soil groups (fig. 1). These major 
soil groups, divided on county lines, are based on· the 
principal soil association areas shown in Shrader et al." 
Area I is generally the Carrington-Clyde area (more 
recently called the Kenyon soil area), and Area II is 
generally the Fayette soil area. Major soil areas were 
delineated to make production areas as homogeneous as 
possible. A separate random sample of farms was taken 
from each of these two areas. Both samples were drawn 
(a) on. the area -segment basis, using the Master Sample 
of AgrIculture, and (b) at a rate to provide approxi-
mately 100 farms in each area.' 
In making the farm survey, attempts were made to 
contact each operator with a farmstead located in a 
''I(. D. Shra~er. F. W. Sch.aller. J. T. Pesek. D. F. Slusher and F. F 
Rlecken. Es~,mated crop YIelds on Iowa soils. Iowa Agr. and Hom~ 
Econ. Exp. Sta. and Coop. Ext. Serv. Spec. Report 25. 1960. 
'l'The average number of farms per area sampling segment was t-
mated by using t~e Census of Agriculture. and the number of segm:~;~ 
necessary. to obtam the expected sample of 100 farms Was determined 
A secondary sa!"ple of segment.. half as large as the primary s I' 
was drawn. ThIS secondary sample Was to be used in case of ne::~ e. 
replacements t~ co,,:,pensate for refusal. and the decline in far~ 
numbers occurrmg glnee the Census. A two-stage sampling d 
was used to reduce travel costs in enumerating Township proce fiure 
ide'.'tified: A sample of townships Was drawn 'at random' i-:~:; e rs~ 
mBJor sot! areB. Sample segments were then drawn at rando '\~h 
the condition that twa primary segments and one seconda m, WI 
would be drawn in each of the townships selected. ry segment 
primary sampling segment. Secondary sampling segments 
(see footnote 7) were used where necessary to provide 
the approximate number of desired farm schedules. Us-
able schedules for 103 farms were obtained from each 
area, making a total of 206 schedules for both areas. 
Construction of Representative Farms 
The data obtained in the sample provided information 
for post-survey stratification of farms and for con-
structing 10 representative farm situations. These farm 
situations were used to represent the principal types of 
farming situations in northeastern Iowa. The stratification 
was conducted as shown in fig. 2. In fig. 2 and throughout 
this report, "grade A" is used to describe milk eligible 
for fluid use and "grade B" to indicate milk of manu-
facturing grade. Numbers in parentheses in fig. 2 are 
the number of sampled farms in each stratum. The means 
or modes of several characteristics of sampled farms in 
each stratum were used for constru.cting the representa-
tive farms. The resource limitations and restraints used 
in programming optimal farm plans were mostly deter-
mined from averages of characteristics of sampled farms 
in each stratum. Relevant production alternatives were 
also determined to some extent by availability of markets 
and facilities. Dairy markets for grade A milk, for in-
stance, are available only to stratum 1 in each area. 
Therefore, production and sale of grade A milk is limited 
FARMS 
DAIRY 
SOIL AREA X (03) 
to these two strata. Only 12 of the 206 farms in the 
sample survey currently have facilities and a market for 
grade A milk, but 150 of the 194 remaining sample farms 
had facilities for producing grade B milk or cream. Strat-
ification also revealed that 101 of the 194 non-grade A 
farms have less than 130 acres of cropland. Grade A 
producers have large farms in relation to the sample 
average. Table 1 shows resources and other characteris-
tics of the representative farms constructed for each 
stratum. 
One check on the representativeness of the sample 
was made by comparing the sample estimate of cropland 
per farm with the average obtained from the 1959 Census 
of Agriculture." The divergence between the sample esti-
mate and the average reported in the Census for each 
major soil area is less than 1 percent. 
The 10 representative farms are of varied types and 
sizes. Many of the actual farms represented by these 
composite farm organizations are highly productive, 
substantial operations. But, many of the farms have few 
resources and are low in production. Farm characteris-
tics are shown in table 1. For all farms in the survey, 
land per farm averaged 199 acres. Cropland averaged 
152 acres per farm. Approximately 41 percent of the 
cropland was in corn, 21 percent in oats, 30 percent in 
rotation hay and pasture and 8 percent in other crops. 
·U.S. Bureau of Censu •. U.S. Census of Agriculture, 1959. Vol. 1, Part 
16. 1961. 
FARMS WITH GRADE A FACILITIES (B) 
FARMS WITH < 130 
ACRES CROPLAND (II) 
WITHOUT 
FACILITIES (24) 
FARMS WITH 2: 130 
ACRES CROPLAND (13) 
FARMS WITH < 130 
ACRES CROPLAND (3B) 
FARMS WITH GRADE B 
OR CREAM FACILITIES (71) 
FARMS WITH 2: 130 
ACRES CROPLAND (33) 
ALL FARMS (206) 
FARMS WITH GRADE A FACILITIES (4) 
FARMS WITH < 130 
ACRES CROPLAND (6) 
FARMS WITHOUT 
DAIRY FACILITIES (20) 
FARMS WITH 2: 130 
SOIL AREA II Cl03) ACRES CROPLAND (14) 
FARMS WITH < 130 
ACRES CROPLAND (46) 
FARMS WITH GRADE B 
OR CREAM FACILITIES (79) 
FARMS WITH 2: 130 
ACRES CROPLAND (33) 
Fig. 2. Stratification scheme for placing sampled farms into representative farm categories. 
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Table I. Characteristics of the 10 representative farms (average per farm in each stratum) determined by stratification in farm survey. 
Area I Area II Average 
Farm Farm 
Item Unit I 2 
Number of farms from sample ...................... No. 8 II 
Average cropland acreage 
1958 land lise: __ .......... __ ._._ .. _______ . _______________ .... oCres 272 76 
Corn .----------.. ---..... ----... ---.----... ---_.----------...... acres 112 24 
Oats -- .. -................... ---..... ---.. -... --.----------...... acres 42 6 
Hay and rotation pasture ...................... acres 112 13 
Soybeans .................................................... acres 6 15 
Other uses ____ . _____ ... _________________________ . _________ 6cres 0 18 
Milk market ........ ----_ .. ------------------------------_ .... A None 
Number of milk cows (1958) ...................... head 35 0 
Facilities for dairy ........................................ head 40 0 
Litters of pigs (1958) ............................... .Iitters 24 10 
Feeder cattle (1958·59 feed. yr.) .............. heed 26 7 
Beef cows ( 1958) .......................................... heod 8 3 
Hay sold (1958) ............................................ tons I 0 
Hoy bought (1958) ...................................... tons 4 0 
Corn sold (1958j .......................................... bu. 909 561 
Corn bought (1958) ........................................ bu. 2,712 167 
Permanent pasture averaged 19 acres in Area I, Carring· 
ton-Clyde soils, and 64 acres in Area II, Fayette soils, 
Present livestock enterprises for the representative 
farms or strata vary from only a few head of stock to 
substantial numbers of one or more types of livestock. 
Dairy cows and beef cows are geared to the level of 
forage production, with little interfarm ex.change of hay. 
Hogs and feeder cattle are kept on most farms in accor~­
ance with grain availability. However, a few cash-gram 
farms sell corn, and some farms with large beef-feeding 
enterprises purchase grain. 
Grade A milk producers tend to have the largest dairy 
herds. Excess capacity in facilities for producing grade 
B milk (manufacturing grade milk) or cream exists on 
many farms. Twenty-one farms with dairy facilities have 
no cows, or only one for home uses. Most other producers 
have more space available than is being used for dairy 
cows. In many cases, sheds or barns have recently been 
diverted from dairy to other uses, particularly beef. 
Farms surveyed averaged 22 litters of pigs per farm 
in the year prior to the survey, the range being from 
none to 166. Feeder-cattle enterprises were found on 34 
of the 206 farms. Numbers of cattle fed ranged from 2 
to 210, with both calf and yearling feeding systems repre-
sented_ Beef-cow herds were kept on 41 of the 206 farms, 
Less than half of the beef-cow herds were composed of 
more than 20 head. A somewhat higher proportion of the 
farms without dairy facilities had beef cows than did 
farms with dairy facilities. 
THE PROGRAMMING MODEL 
This section includes a general description of the 
programming model. Crop and livestock enterprises in 
the programming models are those common to the area. 
Some transfer and transaction activities are included to 
provide for realistic farm business operatio~s. A ~escrip­
tion follows of the production processes WIth theIr tech-
nical coefficients, product and factor prices and the 
resource restrictions_ 
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Farm Form Form Farm Farm Farm Farm Form all 
3 4 5 I 2 3 4 5 farms 
13 38 33 4 6 14 46 33 
235 97 197 173 72 190 90 215 152 
110 42 84 52 35 100 28 79 62 
55 27 38 34- 13 34 22 48 32 
50 24 49 87 24 55 37 72 46 
14 4 20 0 0 I 2 10 8 
6 0 0 0 0 0 I 6 4 
None B or B or A None None B or B or 
cream cream cream cream 
0 II 13 31 0 0 14 18 12 
0 18 19 41 0 0 16 21 15 
26 16 24 17 12 34 16 33 22 
35 0 9 0 24 77 0 8 12 
10 2 2 I 3 12 3 0 5 
28 12 5 0 I 0 0 2 5 
I 0 I 0 0 0 I 2 I 
1,300 483 890 800 217 393 77 289 478 
54 82 445 0 21 1,429 212 300 397 
Crop Enterprises 
Three cropping sequences are included for each area: 
continuous corn, corn-corn·oats·meadow and corn-oats-
meadow-meadow. But recommended rates of fertilizer 
associated with the cropping sequences differ between 
the two soil areas. Also, there are different limits of 
cropping intensity to conform with differing erosion 
hazards. Two sets of crop-rotation activities, differing 
only in rate of fertilizer use and in spraying for weed and 
pest control, are included in the models for each area. 
Separate activities are used for growing and harvest· 
ing of corn and hay. Corn may be harvested as grain or 
as silage to provide for flexibility in meeting livestock 
production needs. The two alternative methods are repre-
sented in the programming matrix by separating the 
corn·growing and corn-harvesting activities. The resource 
requirements for harvesting are not charged against the 
crop-growing activities but only against the appropriate 
harvesting activity. The output, upon being harvested, 
becomes either corn equivalent, to be sold or fed, or 
silage to be fed only. Oats grown in rotation and har-
vested as grain contributes directly to the corn equiva-
lents which may be either fed or sold. A hay-harvesting 
activity is used, allowing forage to be either harvested or 
grazed. The harvesting activity transfers (at the cost of 
harvesting and storing) the forage from the standing-
forage equation to the roughage-equivalent equation. 
Input.output data for .crop activities are listed in 
Appendix A and Appendix B. The production and ferti-
lizer data are based on composite soils for each area 
(explained in connection with the description of the land 
restriction and shown in Appendix A). The input-output 
data reflect a level of management considered attainable 
on the average farm over the next few years. No predic-
tion is made that farms in the area will reach the pro-
ductivity levels specified in the programming data. It is 
assumed only that an average farmer making optimum 
farm adjustments could attain the efficiency and produc-
tion levels used. 
Livestock Enterprises 
Dairy, hog and beef enterprises make up the various 
livestock activities used in programming. Chicken, turkey 
and sheep enterprises are assumed to continue at current 
levels. Resources used in these minor enterprises were 
deducted from those available for the activities used in 
programming. The basic data used in developing pro· 
gramming coefficients for livestock activities are given in 
Appendix B. 
Dairy. Dairy .. cow activities were constructed for both 
stanchion and parlor· milking facilities at three alternative 
rates of grain feeding. To account for increasing returns 
to labor and capital, the dairy activities were further 
divided into two groups. The first group includes the 
first five cows to which fixed labor and capital costs are 
charged, and the other group allows additional cows at 
lower marginal rates of labor and capital use. Separate 
models were applied to consider the possibilities of a 
farm: (1) dropping, commencing or continuing in dairy. 
ing, (2) using stanchion milking facilities, or building 
and using milking.parlor facilities. Parlor and stanchion 
facilities were analyzed in separate models to preclude the 
possibility of computed farm plans having a mixed sys· 
tern. But, it was made possible for the optimum programs 
to include any of these alternative milking systems under 
various levels of milk price. The solutions could, for 
example, specify (a) no dairy production at low milk 
prices, (b) use of stanchion dairy facilities at medium 
milk prices and (c) parlor-milking facilities at high milk 
prices. Of the three program solutions at each level of 
milk price, the one with the highest net revenue was 
regarded optimum. 
The three alternative rations for dairy cows of good 
quality are expressed in terms of the ratio of concentrates 
fed to milk produced. Cows are considered to weigh 
1,200 pounds and to produce 10,000 pounds of 3.5-per-
cent fat-corrected milk when fed 2,500 pounds of corn 
equivalent (1:4 grain-to-milk ratio) and medium quality 
forage to the limit of stomach capacity. For other dairy 
activities, the grain: milk ratios are 1 :2.5 and 1 :6, with 
milk production of 10,900 pounds and 9,210 pounds, 
respectively. The use of three rations (dairy activities) 
allows selection of an optimal plan, depending on the 
marginal rates of feed substitution and the price ratios 
among milk, grain and forage. Feed for replacement 
sto.ck is included in the dairy-cow activities. The replace-
ment ratio is 0.95 young stock for one cow. 
Labor coefficients for dairying were developed mainly 
from actual field surveys by Aune and Day." These data 
provide for increasing productivity of labor as herd size 
is increased. 
Capital for dairy-cow activities includes investment 
in cows and replacements, since milk income provides 
for current operating expenses. Separate activities allow 
stanchion barns to be built (or increased) at a capital 
°H. J. Aune and L. M. Day. Determining the effect of size of h:rd and 
equipment on dairy chore labor. Jour. Farm Econ. 41 :569-583. 1959. 
cost of $529.31 per cow, or an amortized cost of $52.93 
per cow per year. Equipment and space for replacement 
stock is included. Parlor facilities are assumed to lack 
divisibility. A complete parlor or "none at all" is required 
in the sense that the entire cost of the milking parlor is 
charged to the first five cows. Additional cows are not 
charged for use of the milking parlor. However, the 
loafing shed is assumed to be divisible, and different 
sizes can be built with each cow charged equally. Bulk 
milk tanks involve an investment of $1,750 for the first 
five cows and a marginal investment of $50.00 for each 
additional cow. Total fixed capital charge for parlor-
milking facilities, including the bulk tank, is $9,103. 
Capital per cow for the loafing shed and the variable 
portion of a milk tank is $162. (See Appendix B for 
other cost, resource and product elements.) 
Milk selling was established as a separate Iinear-
programming activity to facilitate the variable pricing of 
milk. Price of grade A eligible milk was varied from zero 
up to $5.20 per hundredweight, and that of manufactur-
ing grade milk up to $4.20 per hundredweight. 
Hogs. The hog enterprises considered were a one-litter 
system of spring-farrowed hogs and a two-litter system 
of a spring and a fall litter from ea.ch sow. Farrowing 
and feeding buildings and equipment are the same for 
one- or two-litter systems. All hog activities are based on 
eight pigs weaned per litter. (See Appendix B for feed 
requirements, costs, returns -and labor requirements.) 
Expansion of farrowing and feeding space is allowed at 
a capital cost of $279 per litter. This amount, amortized 
over 15 years at 5% precent interest, yields a yearly 
litter cost of $27.80. 
Programs were solved with milk price variable for 
each of six sets of hog prices, with hog prices ranging 
from $11.10 to $18.60 per hundredweight. 
Beef. Five beef activities include four feeding enter-
prises, of which three me feeder calves and one uses 
medium-quality yearlings. The three calf-feeding enter-
prises are based on 430·pound calves purchased in late 
October and wintered on fields with limited feed from 
November through mid-March. Calves fed in drylot are 
moved to the feedlot in mid-March and remain through 
October. Calves full-fed on pasture are handled the same 
way from March to May and then are taken out to pasture 
where full-feeding is continued to late October. Calves 
full-fed after pasture (deferred fed) move from the 
wintering ration in early May and are pastured without 
supplemental feed until July. They are brought to full-
feeding and are fed on pasture until October and are then 
full-fed on drylot until the end of November. The yearling 
activity is based on steers purchased in October. After 
a limited wintering ration, they are full-fed from early 
February and sold in May. The fifth, or beef·cow, activity 
produces calves for sale. This latter activity is to allow 
utilization of roughage not required in other enterprises. 
(See Appendix B for beef input-output coefficients.) Beef 
housing and feeding facilities are defined in terms of an 
animal unit (one unit for beef cows and 0.571 unit for 
feeders). An activity for expansion of shed and feeding 
433 
facilities requires $91.15 capital per animal unit with an 
amortized (yearly) cost of $9.12. 
Other Activities 
Transaction activities for buying and selling of corn 
allow flexibility in farming operations. The buying price 
is 5 cents higher than the selling price. A silo-building 
activity allows storage of corn silage for roughage. The 
silo·building cost of $20.16 per ton of storage is equiva-
lent to an amortized cost of $2.01 per ton. Labor-buying 
activities allow purchase of a limited amount of labor 
in any period at the weighted average of (a) farm wage 
rates in northeastern Iowa and (b) wages being earned 
by farm operators in off·farm work. An activity for short-
term capital borrowing, at 7 percent interest, is limited 
by the equity restraints explained later. Long.term credit 
is based on equity in real estate and is included in the 
building activities. A savings activity provides an alter-
native use of cash if farm enterprises return less than 4 
percent. 
Not all possible transactions or production alternatives 
are incorporated as separate activities. Many transactions 
(such as buying supplement feeds, repairs and other 
annual costs) are included with their respective produc-
tion processes. 
Prices Used in the Analysis 
Prices used in the programming models are estimates 
for 1965 and generally represent projections of trends 
from 1953. Extension of the 1953-59 trend from 1959 
levels gives an increase of 12 percent for buildings and 
fences and 10 percent for motor supplies. Inputs (such as 
equipment and supplies, fertilizer and lime and farm-
produced inputs) lacking evident trends are based on 
1959 levels. Prices are found in Appendix C. 
Resource Restrictions 
The resource restrictions for programming were de· 
rived mainly from farm characteristics in the sample 
survey. Data from all farms in each strata were averaged. 
Typical characteristics were selected where averaging 
was not possible. Details on programming restrictions 
are included in Appendix D. 
Land. The quantity of land was held fixed in most of 
the programming because of the difficulties in handling 
aggregation of resource markets where sales would not 
match purchases. The fixed amount of land was set at the 
average quantity for farms in each stratum. A few farm 
plans (which were not aggregated) were computed to 
test the profitability of farm expansion. The coefficients 
for crop activities are based on the assumption that crop· 
land for each of the representative farms is a composite 
of soil types found in the area. The proportions of each 
type of soil are shown in Appendix A. 
Labor. Average hours of operator and family labor 
available, less the quantity used in overhead labor tasks 
for each of the six periods of the year, are used for the 
initial levels of labor (Appendix B). Labor-hiring activi· 
ties are included to allow an increase in the quantity of 
labor available. Labor-hiring is restrained to the amount 
hired in the year preceding, plus the amount of off-farm 
work performed by the farm operator.'o 
Crop restraints. Cropping restrictions ·were used for 
row crops (corn) based on conservation considerations. 
The programs aIlow as much as 97 percent of cropland to 
be in corn in Area I, and as much as 65 percent in corn 
in Area II. Such an intensive cropping system requires 
conservation practices and careful placement of crops to 
avoid excessive erosion. The difference between the two 
areas is attributable to the greater slopes and erodability 
of the soil in Area II, the Fayette area. 
Standing meadow hay, stated in terms of hay equiva-
lent and restricted by rotations selected within the model, 
is an intermediate product serving as an input for the 
hay-harvesting or livestock activities. 
Oats, along with corn harvested as grain, adds to the 
stock of corn equivalents. Corn-purchasing also serves as 
a variable in the corn.equivalents equation. Hay-harvest· 
ing and corn silage. harvesting activities add to the 
"roughage equivalents." Purchase of hay is not allowed. 
Cash on hand and short·term credit. The cash-on·hand 
restriction is equal to the cash at the beginning of the 
production period plus the value of livestock owned at 
that time. Activities use cash on hand for annual produc-
tion expenses with the .costs deducted from gross income. 
The short·term capital. borrowing activity augments cash 
on hand at a 7 -percent interest cost. An equation initially 
limits the quantity of short· term credit to half the mone-
tary value of the machinery inventory, less indebtedness 
on machinery. However, certain activities also increase 
the credit limit. Feeder cattle increase the credit limit by 
the amount of their purchase price. (Many lending 
agencies allow 100-percent loans on feeder cattle if the 
producer has feed available.) The capital for purchase of 
cattle and for other uses is charged against the cash·on-
hand equation. Thus, capital is borrowed only when 
needed and at the interest rate of 7 percent. Other live-
stock enterprises also augment the credit restriction, but 
have even greater requirements for cash on hand. Build. 
ing costs for enlarging livestock draw on the real estate 
credit restriction. Real estate debt is limited to half of 
sales value. 
Livestock facilities. An initial dairy-housing restric. 
tion represents the number of cows that could be accom-
modated by existing stanchion facilities. This restraint 
can be increased by activities that increase stanchion 
facilities or build loose-housing systems. 
The hog.facilities equation for each farm has an 
initial restraint equal to the number of litters that Can 
bc farrowed and grown out with current facilities. This 
restriction can be increased by an activity for expansion 
"Operators' ,?ff-far~ work is included here to allow the .possibility of 
farm enterprIses being pr"fitable enough to "buy back" the Operators' 
time from nonfarIn employmer...t. 
of facilities. Beef facilities can also be expanded beyond 
the current restriction by the necessary investment of 
capital funds to add space. 
FARM PLANS 
The solutions to the linear-programming problems 
were obtained by using an electronic computer with a 
computing routine devised by Grosvenor and Hartley." 
This method of computing allows consideration of alter-
native price levels for milk and hogs. Therefore, the 
profit-maximizing farm plans which follow for each of 
the representative farms are given as price maps, to show 
changes in optimal organizations as the prices for milk 
and hogs are varied. 
Price maps for each of the 10 representative farms 
provide a guide for farm reorganizations for a variety 
of farm situations and price expectations. The price maps 
presented in this section do not show all farm-plan 
changes that actually were specified in the program 
solutions. Only major changes in farm plans, associated 
with different price levels, are shown. 
Price maps and farm-plan summaries for the 10 
representative farms have some common characteristics. 
Figure 3 is a schematic representation of the manner in 
which principal enterprises are affected by price changes. 
Though the border lines for the enterprises vary with 
the characteristics of each farm, most price maps have 
characteristics like those in fig. 3. In every case, the 
plans call for some beef feeding at low prices for both 
hogs and milk. In some cases, the organization rests 
mainly on cash-grain farming. As hog prices are in-
creased to about $14 per hundredweight in the models, 
hogs become competitive with beef feeding when milk 
prices are low. As the hog price is raised further, most 
available resources are devoted to hogs. When hog prices 
arc low and milk prices are increased, the dairy enter-
prise is enlarged to the exclusion of other livestock. If 
both milk and hog prices are high, both hog and dairy 
enterprises are usually fairly large. At medium prices for 
both milk and hogs, the optimal plan is highly sensitive 
to price changes. Shifts from beef feeding to dairy or to 
hogs or combinations of two or all three of these occur 
with small price changes. The most profitable set of crops 
varies mainly according to livestock feeding needs; but 
according to optimal farm plans, all crop sequences for 
every farm should be fertilized at the rates given in Ap-
pendix A. 
The abbreviations and symbols used in the descrip-
tions of the price maps and farm.plan summaries 
which follow, and in later parts of this report, are as 
follows: comm = corn, oats, meadow, meadow; ccom 
= corn, corn, oals, meadow; cccc = continuous corn; 
sows (2-litter) = sows producing two litters of pigs per 
year; sows (I-litter) = sows producing one litter of 
pigs per year; cows (stanchion) = dairy cows using 
stanchion-barn housing; cows (parlor) dairy cows 
110. D. Grosvenor and H. o. Hartley. IBM 650 program for linear 
programming. Statistical Laboratory. Iowa State University oC Science 


















Fig. 3. Schematic representation of the price maps obtained from 
variable-pricing milk and hogs in linear programming for the 10 
representative farms. 
milked in a double-four herringbone parlor and sheltered 
in loose, or shed-type, housing; med. yrlgs. = medium 
grade yearling feeder steers; deL-fed calves = choice 
feeder calves full-fed on pasture after wintering and 
grazing for 56 days on pasture in May and June; pasture 
calves = choice feeder calves full-fed on pasture after 
wintering; beef cows = beef-breeding cows for raising 
feeder calves. 
Price Maps 
Price maps and farm.plan summaries for each of the 
representative farms follow. 
FARM I - AREA I 
Dairying is a profitable enterprise over most of the 
relevant prices for milk and hogs in plans for this large 
(2 man-years of labor and 272 crop acres) grade A 
dairy farm in the Carrington-Clyde soil area (see fig. 4). 
A shortage of operating capital relative to the size of the 
farm causes dairying to be profitable at lower milk prices 
(at low hog prices) than is the case on most farms. 
Maximum use of present stanchion-type dairy facilities 
would be profitable on this farm for all milk prices rang-
ing from $3 to $3.56 at low hog prices, and for a higher 
range of milk prices where the opportunity costs are 
higher at higher hog prices. Optimal plans include an 
enlargement of stanchion facilities when milk prices are 
further increased up to $3.85 per hundredweight. At the 
right end of the price map (plan I-U), farm resources 
are devoted to a 78-eow dairy herd in parlor facilities. 
Crop rotations are mostly continuous corn with 
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Fig. 4. Optimal plans and price map for varied prices of milk and 
hogs for the grade A dairy farm (Farm '-') in Soil Area I. 
Code Enterprises Code Enterprises 






228 ~cres ccce 46 acres ecce 
67 med. yrlgs. 31 sows (2-litter) 
40 cows (stanchion) 







159 acres comm 
113 acres cccc 
II sows (2-litter) 
21 cows (stanchion) 
143 med. yrlgs. 
21 acres comm 
I I 7 acres ccom 
134 acres cccc 
57 sows (2-litter) 
38 mad. yrlgs. 
21 acres comm 
46 ~cres ccom 
171 acres cccc 
54 sows (2-litter) 
23 sows (I-litter) 





205 acres comm 
67 acres cccc 
8 sows (2-litter) 
40 cows (stanchion) 
67 med. yrlgs. 
246 acres comm 
26 acres cccc 
21 sows (2-litter) 
52 cows (stanchion) 
2,750 bu. buy corn 
219 acres comm 
53 acres cccc 
78 cows (pa rlor) 
2,780 bu. buy corn 
240 acres comm 
32 acres cccc 
54 cows (stanchion) 
67 med. yrlgs. 
1.672 bu. buy corn 
56 acras cccc I-I L 196 acres comm 
43 sows (2-litter) 76 acres cccc 
30 cows (stanchion) 40 cows (stanchion) 
2,274 bu. buy corn 106 med. yrlgs. 
quirements. One-year meadow rotations usually are not 
profitable because of the high fixed costs of establishing 
the meadow and the relatively low profitability of oats 
used for the nurse crop to establish forage stands. Opti-
mal crop rotations are those with recommended fertilizer 
rates (see Appendix A) in every case on this farm as 
well as on all other farms. 
Hogs are the only profitable livestock enterprise in 
the northwestern corner of the price map and extend to 
131 litters at highest hog prices and lowest milk prices. 
In most arcas of the map, where hogs are in the optimal 
plan, they are produced in conjunction wit~ be~f feeders 
or dairy cows, depending upon price relatIOnshIps. 
FARM 2 - AREA I 
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Fig. 5. Optimal plans and price map for varied prices of milk and 
hogs for the small non-dairy farm (Farm 1-2) in Soil Area I. 
Code Enterprises Code Enterprises 
1·2A 2 acres comm 1-2D 76 acres comm 
1·28 
'·2C 
74 acres cccc 7 sows (2-litter) 
43 med. yrlgs. 21 cows (st!! nchion) 
2,403 bu. buy corn 2 acres comm 
74 acres cccc 
7 sows (2.litter) 
63 mad. yrlgs. 
24 acres comm 
52 acres ecce 
32 sows (2-litter) 




76 acres comm 
21 cows (stanchion) 
700 bu. buy corn 
73 acres comm 
3 acres cccc 
18 cows {stanchion} 
68 acres comm 
8 acres cccc 
14 cows (stanchion) 
18 med. yrlgs. 
are 76 acres of cropland. Dairying is relatively unprofit-
able at most milk prices in plans for this small farm 
without dairy facilities on Carrington-Clyde soils. When 
the milk price is raised to a level high enough to make 
dairying profitable, the resources of the farm restrict 
the dairying operation to a stanchion milking system of 
21 cows or less. Nearly half of the price map (fig. 5, plan 
I-2C) shows the largest possible hog system to be most 
profitable. At any hog price above $15, most of the farm's 
resources are devoted to pork production. Cattle feeding 
is profitable when milk and hog prices are low. 
Continuous corn and corn·oats-meadow·meadow crop. 
ping sequences are used to provide grain and forage. 
Permanent pasture provides some forage from land not 
suited for cropping. and up to 206 tons of corn silage 
is harvested to provide roughage for feeder cattle and 
dairy cows. Corn purchasing is necessary in plans where 
there are many hogs. 
Labor, capital and credit shortages limit hog produc. 
tion at hog prices above $17 per hundredweight. The 
marginal value product for capital ranges up to 47 percent 
for higher hog prices. Family labor in one or more 
periods of the year is limiting over most of the price 
combinations. 
FARM 3 - AREA I 
Optimal plans for this large farm (1% man·years of 
labor and 235 acres of cropland) on Carrington-Clyde 
soils include feeder cattle over much of the price area 
(see fig. 6, plans 1-3A, 1-3B, 1-3C and I-3D). The group 
of farms for which this farm is representative has no 
existing dairy facilities, but a large amount of operating 
capital is available. Dairying is profitable only when the 
price of milk is at least $3.45 per hundredweight, and 
then with loose-housing and parlor-milking facilities. 
With low hog prices and high milk prices, resources are 
devoted to a 63-cow dairy enterprise. 
Except for the area in the price map where hog 
prices are high, crop sequences are mainly continuous 
corn and corn-oats-meadow-meadow. A I-year meadow 
sequence is profitable with high hog prices. Corn silage 
ranges up to 413 tons for the largest dairy herd. Family-
labor availability restricts the plans to the extent that the 
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Fig. 6. Optimal plans and price map for varied prices of milk and 
hogs for the large non-dairy farm (Farm 1-3) in Soil Area I. 
Code Enterprises Code Enterprises 
1-3A 114 acres comm 1·30 39 acres comm 
121 acres cccc III acres ccom 
246 med. yrlg. feeders 85 acres ecce 
1.3B 119 acres comm 29 sows (2·litter) 
116 acres cccc 30 sows (1.litter) 
4 sows (2.litter) 75 med. yrlg. 
227 med. yrlg. feeders 1.772 bu. buy corn 
1·3C 107 acres comm 
128 acres cccc 
24 sows (2.litter) 
5 sows (1.litter) 
148 med. yrigs. 
1,023 bu. buy corn 
1·3 E 57 acres comm 
178 acres ccom 
34 sows (2.litter) 
54 sows (1·litter) 
3 beef cows 
2.515 bu. buy corn 
1·3F 235 acres comm 
14 sows (2.litter) 
51 cows (parlor) 
2,950 bu. buy corn 
1·3G 235 acres comm 
63 cows (pa rlor) 
2,020 bu. buy corn 
period extends to $12.10 per hour when prices are high 
for both milk and hogs. Net farm income ranges from 
$13,903 to $20,676 before subtraction of fixed costs. 
FARM 4 - AREA I 
Dairying, using stanchion facilities already on the 
farm, would be profitable over a substantial range of 
milk prices beginning at $3.01 per hundredweight (at 
low hog prices) for this small dairy farm on Carrington-
Clyde soils. The price map (fig. 7) shows the 97 acres 
of cropland programmed to either continuous corn or 
corn-oats·meadow·meadow in all plans. Feed requirements 
are met by purchase of 3,000 bushels of corn and by 
harvesting up to 400 tons of corn silage when forage 
becomes limited. 
Capital and other resources restrict dairying to stan-
chion facilities. These facilities are, however, expanded 
to handle as many as 3,1 cows at high milk and low hog 
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Fig. 7. Optimal plans and price map for varied prices of milk and 
hogs for the small dairy farm (Farm 1-4) in Soil Area I. 
Code Enterprises Code Enterprises 
1·4A 3 acres comm 1·4F 71 acres comm 
94 acres ccce 26 acres cccc 
119 med. yrlgs. 9 sows (2.litter) 
I-4B 3 acres comm 9 cows (stanchion) 
94 acres cccc 2,817 bu. buy corn 
12 sows (2.litter) 1·4G 94 acres eomm 
66 med. yrlgs. 3 acres ecce 
I-4C 24 acres comm . 34 cows (stanchion) 
73 acres cccc 2,383 bu. buy corn 
34 sows (2·litter) 1·4H 72 acres comm 
2, I 00 bu. buy corn 25 acres ecce 
1-40 54 acres CQrtmT 32 cows (stonchion) 
43 acres cccc 15 med. yrlgs. 
17 sows (2.litter) 2,300 bu. buy corn 
18 cows {stanchion} 1·41 36 acres comm 
2,466 bu. buy corn 61 acres eccc 
1.4E 40 acres comm 18 cows (stanchion) 
57 acres cccc 39 med. yrlgs. 
4 sows (2.litter) 
18 cows (stanchion I 
18 med. yrlgs. 
437 
dairying at lower milk prices. The minimum milk price 18.60,----r----,....---,....-__ ,...._--!_ 
at which dairying is profitable on this small farm is $0.60 
per hundredweight higher than for the large dairy farm 
on Carrington-Clyde soils. The higher price necessary for 
milk production on the small dairy farm is caused by a 
capital supply that is small in relation to other resources. 
Feeder cattle replace dairy cows at low milk and hog 
prices for this small farm. 
FARM 5 - AREA I 
A shortage of capital relative to acreage causes cash· 
grain farming to be most profitable on this fairly large 
unit (197 crop acres and 1V2 man-years labor) at low 
milk and hog prices. A fertilized, continuous corn crop-
ping system and only a few feeder cattle are profitable 
at low milk and hog prices (see fig. 8). Cattle feeding is 
not sufficiently profitable to cause highly limited capital 
to be diverted from cash· grain operations. Although 
funds could be borrowed for purchase of feeder cattle, 
it would not be profitable in the context of total resource 
use. As milk prices are increased, the relative profitability 
of corn production declines with increased need for for-
age. For a limited range of increasing milk prices, the 
relative profitability of cash-cropping declines, causing 
beef and dairy to increase simultaneously with increasing 
forage and .capital availability. (Compare plan I-5A with 
plan I-5L in fig. 8.) Hogs and dairy cows also prove 
complementary (following the border between plans 1-5B 
and 1-5C) where higher prices for hogs take grain away 
from cattle feeding so that forage is freed for dairying. 
Labor also is used more evenly over the year by dairy 
and hogs in combination than by beef in combination 
with dairy or hogs. Over most price ranges, however, 
beef, dairy and hogs are competitive enterprises. 
The necessary milk price is $3.77, even at low hog 
prices, for a parlor-milking system to be profitable. Even 
at the highest milk price considered ($4.20), the profit 
reduction would only be $270 per year from using stan-
chion facilities with 36 cows rather than converting to 
parlor facilities. 
FARM I - AREA II 
This grade A dairy farm (labor availability of 1-2/3 
man-years, and 173 acres of cropland) is smaller than 
the grade A dairy farm of Area I. A shortage of long. 
term credit holds this farm to stanchion dairy technology 
(fig. 9). The long-term credit restriction results from a 
high present indebtedness of farms in the stratum and 
lower value of land on these soils. 
Dairying is profitable over a large proportion of the 
price map because of higher prices for grade A milk. 
Optimally, the present stanchion facilities for 41 cows 
would be fully used over a wide range of prices (plans 
11-11 and II-IG in fig. 9). Depending on hog prices, 
dairying is combined with either hogs or feeder cattle 
except in the lower right-hand corner of the price map. 
Milk and hog production again are complementary for 

























Fig. 8. Optimal plans and price map for varied prices of milk and 
hogs for the large dairy farm (Farm 1-5) in Soil Area I. 
Code Enterprises Code Enterprises 
1-5A 5 acres eomm 1-5G 132 acres comm 
192 acres ccce 65 aeres eeee 
20 mad. yrlgs_ 25 sows (2-littar) 
I-58 31 acres eomm 19 eows (stanchion) 
166 acres eccc 26 med. yrlgs. 
16 sows (2-litter) 832 bu. buy earn 
9 mad. yrlgs. 1-5H 128 acres eomm 
1-5C 120 aeras comm 69 acres ccce 
77 acres eeee 12 sows (2-litter) 
16 sows (2-litter) 19 cows (sta nchion) 
II cows (stanchion) 71 med. yrlgs. 
89 med. yrlgs. I-51 170 acres eomm 
1-5D 112 acres ccom 27 acres eeec 
85 acres ecce 16 sows (2-litter) 
41 sows (2-littar) 35 cows (stanchion) 
26 med. yr/gs. 1,185 bu. buy corn 
1-5E 33 acres eomm 1-5J 197 acres comm 
37 acres ccom 52 cows (parlor) 
127 acres cccc 1,529 bu. buy corn 
37 sows (2-littar) 1-5 K 180 acres comm 
24 sows (I-litter) 17 acres ecce 
I-SF 150 acres comm 42 cows (stanchion) 
47 acres cccc 19 med. yrlgs. 
25 sows (2-litter) 1-5L 131 acres comm 
27 eows (stanchion) 66 acres ccec 
1,400 bu. buy corn 19 cows (stanchion) 
123 med. yrigs. 
cause dairying to begin to be profitable is lower when 
prices of hogs are between $13.94 and $16.65 than when 
hog prices are either higher or lower than this range. At 
low hog prices, feeder cattle use grain more profitably 
than hogs and also use some forage. In the middle range 
of hog prices, a moderate number of hogs can profitably 
draw grain from feeder cattle, freeing forage for dairy 
cows. At high hog prices, most resources are devoted to 
hogs, except that there is some surplus forage which 
causes a few beef cows to be profitable. Ordinarily hogs 
feeder cattle and dairy cows are all more profitabie tha~ 
beef cows. The marginal value of an additional ton of 
forage ranges up to $39 per ton since forage is a scarce 
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Fig. 9. Optimal plans and price map for varied prices of milk and 
hogs for the grade A dairy farm (Farm 11·1) in Soil Area II. 
Code Enterprises Code Enterprises 
II·IA 83 acres comm II·IE 83 acres comm 
90 acres eccc 90 acres cccc 
183 med. yrlgs. 42 sows (2.litter) 
II.IB 83 acres comm 11 cows (stanchion) 
90 acres cccc 2,532 bu. buy corn 
20 sows (2.liHer) 11·1 F 160 acres comm 
117 med. yrlgs. 13 acres ecce 
1,300 bu. buy corn 20 sows (2.litter) 
II.IC 83 acres comm 35 cows (stanchion) 
90 acres cccc 3,856 bu. buy corn 
29 sows (2.litter) II·IG 170 acres comm 
II cows (stanchion) 3 acres ecce 
33 med. yrlgs. 14 sows (2.litter) 
1,125 bu. buy corn 41 cows (stanchion) 
11.1 D 125 acres ecom 2,987 bu. buy corn 
48 acres cccc 11·1 H 173 acres comm 
49 sows (2.litter) 53 cows (stanchion) 
5 beef cows 3,210 bu. buy corn 
2,457 bu. buy corn 11·11 138 acres comm 
35 acres cccc 
41 cows (stanchion) 
18 med. yrlgs. 
728 bu. buy corn 
harvested, and corn purchases are extended to as much 
as 4,000 bushels. 
FARM 2 - AREA II 
Over most of the price map area for this small farm 
(l man·year labor and 73 acres .cropland), feeder cattle 
and hogs use most of the farm resources (fig. 10). Corn 
and forage production are used in livestock enterprises. 
Corn is purchased in most plans, and up to 278 tons of 
silage are needed for forage requirements. 
This representative farm does not have dairy facilities. 
Hence, the break·even point for dairying comes at a high. 
er milk price than on farms with dairy facilities. How· 
>ever, dairy facilities can be added profitably at high milk 
prices. For instance, at a hog price of $15.60 per hun· 
dredweight and a milk price of $4.20, the net income is 
$800 greater if dairying is added. With milk at $4, the 
income is increased by about $500 if dairying is included. 
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Fig. 10. Optimal plans and price map for varied prices of mille 
and hogs for the small non-dairy farm (Farm 11.2) in Soil Area II. 
Code Enterprises Code Enterprises 
1I·2A 35 acres comm 1I·2E 47 acres comm 
35 acres ccce 26 acres ecce 
79 med. yrlgs. 17 sows (2.litter) 
11.28 35 acres comm 8 cows (stanchion) 
33 acres eccc 1,855 bu. buy corn 
8 sows (2.litter) 1I·2F 54 acres comm 
60 med. yrlgs. 19 acres ecce 
1.0 I 0 bu. buy corn 12 sows (2.litter) 
11.2C 53 acres ecom 14 cows (stanchion) 
20 acres ccce 1I·2G 73 acres eomm 
17 sows (2.litter) 23 cows (stanchion) 
26 med. yrlgs. 1,246 bu. buy corn 
1,409 bu. buy corn Il·2H 39 acres comm 
1I·2D 53 acres ecom 34 acres eeec 
20 acres ccce 16 cows (stanchion) 
23 sows (2.litter) 33 med. yrlgs. 
6 def. fed calves 1,026 bu. buy corn 
8 beef cows 
1,700 bu. buy corn 
greater. With hog prices of $14.10 or lower, and at $4.20 
per hundredweight for milk, income is increased by 
$1,500 by addition of dairy facilities. 
FARM 3 - AREA II 
The rather short labor supply in relation to acreage 
and capital for this farm (1 man· year of operator and 
family labor, 190 acres of cropland and substantial 
capital) makes feeder cattle most profitable over most of 
the price area of fig. 11 (plans II·3A, II.3B, II·3C and 
II·3D). Also, parlor facilities are used whenever dairying 
is introduced into optimal plans for this farm. At a milk 
price of $4 .. 20 (with hog price less than $14.10), the 
profit reduction from building stanchion facilities rather 
than a parlor setup is $2,400. With the same milk price 
and hogs at $15.60, the loss would be $1,800 annually. 
While present milk prices do not warrant dairying on 
these farms lacking dairy facilities, the loss amounts to 
$3,800 when hog prices are low and dairying is not added 
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Fig. II. Optimal plans and price map for varied prices of milk and 
hogs for the large non.dairy farm (Farm 11.3) in Soil Area II. 
Code Enterprises Code Enterprises 
1I·3A 94 acres comm 11·3 E 137 ocres ccom 
96 acres cccc 53 acres ecce 
202 med. yrlgs. 47 sows (2.litter) 
".3 B 97 ocres comm 14 sows (1.litter) 
93 acres cccc 5 beef cows 
3 sows (2-litter) 2,817 bu. buy corn 
189 med. yrlgs. 11-3F 190 acres comm 
11-3C 45 acres comm 10 sows (2-litter) 
70 ocres ccom 46 cows (porlor) 
75 ocres cccc 3,170 bu. buy corn 
28 sows (2·litter) 11·36 190 ocres comm 
106 med. yrlgs. 47 cows (parlor) 
1,764 bu. buy corn 868 bu. buy corn 
11·3D 137 acres ccom 
53 a cres ecce 
44 sows (2.litter) 
41 med. yrlgs. 
2,510 bu. buy corn 
Cropping sequences are one· fourth corn where dairy 
production is dominant and five·eighths corn in various 
rotations for price ranges in which feeder cattle and hogs 
dominate. The supply of roughage is sufficient for a few 
beef cows to be profitable, along with 108 litters of hogs, 
at the highest hog price level. The marginal value prod. 
ucts for the roughage are high in plans where feeder 
cattle or dairy cows are included. Plans call for harvest· 
ing up to 250 tons of corn silage in plans that specify a 
large dairy herd. 
FARM 4 • AREA II 
Feed, labor and capital limit dairying to stanchion 
facilities and less than 30 cows on this farm. Dairying is 
limited to the 16 cows that can be handled in present 
facilities except in plans II·4G and II·4H in fig. 12. The 
map also illustrates some complementarity of pork and 
milk production. Dairying is profitable at milk prices 
below $3 for hog prices in the range of $13.90 to $16.80, 
but milk prices must be higher than $3 at higher or lower 
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Fig. 12. Optimal plans and price map for varied prices of milk and 
hogs for the small dairy farm (Farm 11.4) in Soil Area II. 
Code Enterprises Code Enterprises 
1I·4A 35 acres comm 11·4F 44 ocres comm 
13 acres ccom 47 acres ecce 
43 acres cccc 14 sows (2.litter) 
104 med. yrlgs. 16 cows (stanchion) 
80 bu. buy corn 1,237 bu. buy corn 
11·4B 66 ocres ccom 11·46 91 acres comm 
25 acres cccc 29 cows (stanchion) 
20 sows (2-litter) 19 med. yrlgs. 
1,007 bu. buy corn 1,533 bu. buy corn 
11-4C 65 acres ccom 1I.4H 73 acres comm 
26 acres ecce 18 acres cccc 
25 sows (2.litter) 27 cows (stanchion) 
7 beef cows 18 med. yrlgs. 
1,170 bu. buy corn 1,600 bu. buy corn 
11·4D 44 acres comm 
47 acres cccc 
22 sows (2-litter) 
8 cows (stanchion) 
I ,177 bu. buy corn 
11·4E 44 acres comm 
47 /lcres cccc 
5 sows (2.litter) 
16 cows (stanchion) 
18 med. yrlgs. 
11-41 44 acres comm 
47 a cres ecce 
16 cows (stanchion) 
41 med. yrlgs. 
II·4E and the border between plans II·4B and II·4D m 
fig. 12.) 
Since land is a highly limiting resource, the imputed 
annual marginal value products of land range up to $78 
per acre. Short· term credit also is extremely limiting at 
high hog prices. Additional capital would have a return 
of up to 65 percent. 
FARM 5 • AREA II 
Dairying is profitable at relatively low milk prices 
(fig. 13) for this large dairy farm on Fayette soils. How. 
ever, the dairy enterprise is relatively small (8 to 12 
cows) at the lowest price of milk for which dairying is 
profitable .. Short.term credit restrictions cause intensive 
corn croppmg to be most profitable. Hence cattle feed' 0-
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Fig. 13. Optimal plans and price map for varied prices of milk and 
hogs for the large dairy farm (Farm 11-5) in Soil Area II. 
Code Enterprises Code Enterprises 
II-SA 21S acres eeom 11-5H 133 acres eomm 
213 med. yrlgs. 82 acres ecce 
II-58 144 acres ceom 40 sows (2-litter) 
66 acres ecce 21 cows (stanchion) 
20 sows (2-litter) 1,885 bu. buy corn 
141 med. yrlgs. II-51 139 acres comm 
11-5e 110 oeres comm 76 /lcres ecce 
105 acres ecce 14 sows (2-litter) 
II sows (2-litter) 21 cows (stanchion) 
8 cows (stonchion) 77 med. yrlgs. 
153 med. yrlgs. II-SJ 215 acres eomm 
11-5D 103 acres comm 13 sows (2-litter) 
112 acres ecce 50 cows (pa rlor) 
37 sows (2-litter) 3,359 bu. buy corn 
10 cows (sta nchion) 11-5K 215 /lcres comm 
48 med. yrlgs. 52 cows (parlor) 
761 bu. buy corn 407 bu. buy corn 
11-5E 155 acres eeom 11-5L 207 acres comm 
60 acres eeee 8 eeres eece 
40 sows (2-litter) 40 cows (stanchion) 
37 med. yrlgs. 43 med. yrlgs. 
20 def.-fed e/llves 11-5M 158 acres comm 
970 bu. buy corn 57 ecres cccc 
II-SF 155 /lcres ccom 21 cows (stanchion) 
60 a cres ecce 133 med. yrlgs. 
54 sows (2-litter) II-SN 129 acres eomm 
12 beef cows 86 acres ecec 
1,620 bu. buy corn 10 cows (stanchion) 
11-5G 195 ocres ceom 187 med. yrlgs. 
20 acres ecce 
46 sows (2-litter) 
4 sows ( I-litter) 
12 cows (stanchion) 
2,042 bu. buy corn 
lower prices than necessary for other farm situations. 
Forage from 72 acres of permanent pasture also makes 
dairying, as well as the deferred-fed calves, relatively 
more profitable at low milk prices than for other farm 
situations. Full use of present dairy facilities is most 
profitable for milk prices in a range upward from $3.05 
(plans II-5M, II-51 and II-5H). Parlor facilities for 50 
cows are optimal when milk prices are particularly 
favorable relative to other product prices. The profit 
advantage of a parlor is slight, however. Its greatest 
income advantage is $400, and this occurs for a milk 
price of $4.20 and a hog price of $15.60. The profit ad-
vantage of converting to parlor housing amounts to $100 
or less for hog prices under $14.75 at $4.20 milk. Thus, 
parlor and loose-housing facilities are not likely to 
become widespread in this farm situation, since the 
likelihood of manufacturing milk prices going as high 
as $4 per hundredweight is remote. 
General Characteristics of Farm Plans 
Some general characteristics of the most profitable 
farm plans can now be summarized for all representative 
farms. Intensive cropping is the most profitable use of 
farm resources, except for milk prices higher than appear 
likely for the next few years. Heavy concentration of 
meadow in cropping sequences is used only for maximum 
dairy production associated with very high milk prices. 
Intensive cropping accompanies hog and beef-feeding 
enterprises. In all cases, fertilizing crop rotations is more 
profitable than not using fertilizer. Grain and forage are 
almost universally fed to beef animals, hogs or dairy 
cows-with corn sales representing a less profitable dis-
position of farm production. Corn silage is used exten-
sively to augment the forage supply. 
All farm plans have some feeder cattle at low hog and 
milk prices. Where short-term credit is available, plans 
specify as much as one feeder steer per acre of cropland. 
Hogs become competitive with beef and dairying as pork 
price is moved up to about $14, except where milk prices 
are very high. At high milk prices, most livestock re-
sources are devoted to dairying. At prices above $16 
for hogs, optimal plans concentrate heavily on pork pro-
duction unless milk prices are high enough to draw part 
of the resources to dairying_ Dairy production becomes 
profitable at around $2.50 per hundredweight for milk 
if (a) hog prices are low, (b) dairy facilities are pres-
ently available and (c) short-term capital is s.carce rela-
tive to other resources. If capital is more plentiful, 
resources are devoted mainly to feeder cattle when milk 
prices are less than $3. Where dairy facilities are not 
presently available, milk prices must be about $3.50 to 
warrant production of milk. Likewise, expansion of dairy 
facilities where some capacity already exists also requires 
a milk price of about $3.50 per hundredweight. 
SUPPLY FUNCTIONS 
Supply functions for both milk and hogs were derived 
from the optimal programs for each farm. These pro-
grammed supply functions for milk are of a stepped 
nature and show the exact milk-price boundaries of the 
optimal plans. Milk-supply functions were obtained at 
each of the six hog-price levels investigated. Since hog 
production is not profitable on any of the farms at pork 
prices of $11.10 or $12.60, milk-supply functions are 
identical at these two lowest hog prices. Therefore, there 
are only five supply functions for milk, one applying to 
the two lowest hog prices. 
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'Datil from U.S. Census of Agriculture, 1~40 through 1959. Only commercial ferms of economic classes I-V (1954 definition) where gross 
sales were greeter than $1,200 were conSidered relevant for farm planning lind for deriving supply curves for products. 
For hog production, only seven points (some at zero 
production) were determined on the six hog.supply func-
tions which correspond to six milk prices. These points, 
in addition to the one at the exact minimum hog price 
where hog production becomes profitable, were at hog 
prices of $11.10 per hundredweight and five higher prices 
spaced at $1.50 increments. 
The supply functions and cross-supply functions pre· 
sented in this section are aggregate functions in which 
the aggregate is computed as the weighted summation of 
the production quantities at each price. The weights used 
were the number of farms represented by the strata 
(representative farms), where all commercial farms in 
Census economic classes I·V (1954 definition) in the 17-
county area in northeastern Iowa are allncated to one of 
the strata. The production quantities are the optimal 
quantities of milk, hogs or beef for the representative 
farm, where quantities vary as prices change. The allo-
cation of the 29,361 farms in the two areas to one of the 
strata is shown in table 2. 
In the supply functions that follow, the contributions 
of each of the farm types (stratum) to the aggregate 
supply functions are shown along with the aggregate 
quantities. The weighted individual farm supply functions 
were accumulated to form the aggregate functions. The 
production from all farms of each type is shown, hori-
zontally added to that of the previous type rather than 
plotted on a separate axis. A comparison of production of 
various items from individual farms can be obtained 
from the price maps in the preceding section. 
Aggregate supply functions of the type presented are 
meaningful in showing optimal production from an entire 
area at various price levels. They do not, however, indi-
cate equilibrium prices or output quantities since (a) 
they do not include all production areas with which this 
region competes and (b) there is no estimate for con· 
sumption or demand. Although estimates of equilibrium 
prices and quantities cannot be made, certain compari-
sons of normative or optimal output at present and 
projected prices can be made. By using the aggregated 
442 
supply functions, the types of farms from which milk 
should come at various prices can also be determined. 
Supply Functions and Cross-Supply 
Functions for Grade B Milk 
The supply functions in figs. 14 through 18 represent 
aggregate grade B milk supply functions corresponding 
to each of the levels of hog prices used in programming. 
The contributions of the farms of each type to the aggre· 
gate supply at a given price are shown as the horizontal 
distance between the lighter lines on these figures. In 
each case, a least-squares regression line has been fitted 
to the aggregate supply function. 
In general, the supply elasticities associated with these 
normative supply functions are very high compared with 
those obtained by time·series analysis. Supply elasticities 
computed from the normative supply functions for grade 
B milk range from 3.82 to 17.50 in the most likely range 
of prices. Barker" gives elasticities of supply for milk of 
0.30 to 0.35. His estimates are from a time·series 
analysis of the Lake States. The two types of elasticities 
have different meanings. The time·series analysis repre. 
~ents . h!~t?rical eve?ts encompassing all the lags and 
mflexibilItIes stemmmg from uncertainty and resistance 
to change. The time·series estimates also include areas 
where production alternatives for dairying are poor. The 
elasticity coefficients derived from linear'programming 
results are from normative supply functions which as-
sume optimal adjustments based on profit-maximizing 
motivations with perfect knowledge. The possibility of 
using improved technology also is included in the linear. 
programming analysis. But such is seldom the case in 
time·series functions. Furthermore, the linear.program. 
ming st.udy for Iowa applies to an area where alternative 
enterpnses compete closely for resources. 
The normative, aggregate supply functions for grade 
"Rand!"lph Barke~. The response of milk production to price· A . 
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Fig. 14. Aggregate stepped and smoothed supply function for grade B milk, showing the contribution of each type of farm, for hog prices 
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Fig. 15. Aggregate stepped and smoothed supply function for grade B milk, showing the contribution of each type of farm, for a hog price 
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Fig. 16. Aggre"gate stepped and smoothed supply function for grade B milk, showing the contribution of each type of farm, for a hog price 
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Fig. 17. Aggregate step.ped and smoothed supply function for grade B milk, showing the contribution of each type of farm, for II hog rice 
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Fig. 18. Aggregate stepped and smoothed supply function for grade B milk, showing the contribu-
tion of each type of farm, for a hog price of $18.60 per hundredweight. 
B milk have several characteristics in common. For low from farms where capital is in relatively short supply. 
hog prices, there are three horizontal and three vertical The first vertical segment defines full use of present 
portions which can be identified on the stepped supply facilities on these two types of farms. The second hori-
functions. The first horizontal segment, at milk prices of zontal segment, at milk prices of around $3 per hundred-


















farm types. The second vertical segment represents the 
limits of present dairy facilities. Then, the third hori-
zontal segment, at a milk price of about $3.50, represents 
expansion of present facilities-conversion to milking 
parlors on some farms and adding either stanchion or 
parlor facilities where current facilities are lacking. The 
third vertical segment, at the extreme right side of the 
fun.ctions, indicates high opportunity costs for milk pro-
duction and that physical maximum level of production 
(as speci.fied by the linear-programming resource re-
straints) is nearly attained. Milk-supply functions for 
successively higher hog prices lie further to the left since 
opportunity costs, rather than physical restrictions, limit 
milk supply. 
A production surface (fig. 19), fitted by inspection, 
shows the relationship of optimal levels of manufacturing-
grade milk production (aggregated for the farm strata) 
to milk and hog prices. The highest response elasticity 
is shown to be between milk prices of $3.40 and $3.80 
per hundredweight. These prices are somewhat higher 
than those prevailing in the past or expected in the near 
future. Hence, there appears to be no opportunity to test 
farmers' actual behavior at these price levels. 
Non-grade A milk production with cream production 
included as milk equivalent is estimated to have been 
17.2 million per hundredweight in 1959 for the study 
area." The estimated 1959 production is plotted as a 
contour on fig. 19 for comparison with programmed 
"Sources: The 1959 Census of Agriculture. Vol. I, part 16. 1961: and 
U. S. Dept. Agr. Stat. Bul. 282. Milk production, disposition and in-
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Fig. 20. Aggregate supply of grade B milk as a function of hog 
price. 
levels of production at the various price combinations. 
Total production in 1959 evidently was near the optimum 
or programmed level for the prices then prevailing." 
Figure 20 emphasizes the relationship between milk 
production and hog price for the study area. Cross-
elasticities (milk on hog price) range from 0.22 to -6.88 
in the most likely price ranges, but go as high as -23.80 
for the higher ranges of hog prices where resour,ces can 
be drawn from dairying by profitable hog enterprises,'" 
Supply Functions and Cross-Supply 
Functions for Grade A Milk 
The aggregated grade A milk supply functions have 
fewer steps in the stepped functions than do the grade B 
milk functions since fewer farms have grade A capabili-
ties. The grade A dairy farm in Area I (Carrington-Clyde 
soil area) not only is a larger farm but also represents 
many more farms than the one in Area II. The contri-
bution from the grade A dairy farms in Area I to the 
aggregate supply, therefore, is much greater as shown 
in figs. 21 through 25. 
The supply functions have high elasticities over most 
of the range of milk prices. Optimal response to price 
changes brings large changes in quantity. Supply elastici-
"At these prices. however. milk production occurs in the optimal plans 
on the two large dairy farms but not on the two small dairy farms. 
The optimal plans also include fewer. but higher-producing. cows con-
tributing to the milk supply than for the 1959 actual situation. Sup.ply 
under the optimum or programmed plans includes more farms with 
either specialized dairy operations or no dairying. 
"'The one positive cross-elasticity i. caused by a case of complemen-
tarity between hogs and dairy cows where hogs become profitable 
enough to draw some reSOUrCeS from beef feeding. But this frees some 
roughage for use In dairying. For the most part. however. dah'y and 
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Fig. 21. Aggregate stepped and smoothed supply function for 
grade A milk, showing the contribution of each type of farm, for 
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Fig. 22. Aggregate stepped and smoothed supply function for 
grade A milk. showing the contribution to each type of farm for a 
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Fig. 23. Aggregate stepped and smoothed supply function for 
grade A milk, showing the contribution from each type of farm, 
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Fig. 25. Aggregate stepped and smoothed 
grade A milk, showing the contribution from 




supply function for 
each type of f,lIfm, 
ties computed from regression lines fitted to the aggregate 
supply functions range from 0.82 to 3.29 at most likely 
price combinations. The production surface, fitted by 
inspection, shown in fig. 26 again illustrates the high 
response of milk production to changes in both milk and 
hog prices. The estimated 1959 level of grade A eligible 
milk production in the 17·county area is shown as a 
contour on this surface." The largest quantities of milk 
production for each of the grade A supply functions are 
approximately the same regardless of hog price. Hence, 
it appears that profitability of grade A milk production 
at high milk prices (up to $5.20) is great enough to 
warrant concentration on milk production even with hog 
prices as high as $18.60. 
The cross·supply functions for grade A milk on hog 
prices are shown in fig. 27. Where the .cross·elasticities 
are zero, milk production is not affected by hog price, 
because hogs are not sufficiently profitable to be com· 
petitive with grade A dairying. Cross·elasticities of zero 
"Sources: The 1959 Census of Agriculture. Vol. 1. part 16. 1961: and 
U.S. Dept. Agr. Stat. But. 282. Milk production. disposition and income. 
devised estimates. 1955·69. 1961: and the survey taken in this study. 
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Fig. 27. Aggregate supply of grade A milk as a function of hog 
price. 
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to -3.35 were obtained for prices near the 1965 pro· 
jected prices and for prices of recent years, indicating a 
change in grade A milk production of as much as 3.35 
percent for a l.percent change in hog price. The price 
change would, in an actual planning sense, need to be 
considered permanent. Production of grade A milk is not 
an enterprise for jumping in and out. 
Supply Functions and Cross-Supply 
Functions for Hogs 
The supply functions for hogs are not stepped func· 
tions in the manner of the previous milk functions, since 
exact border prices were not determined for hogs in the 
optimal plans. The optimal quantities of hogs were 
determined only for six discrete hog prices plus the exact 
minimum hog price at which pork production would 
become profitable. The points where both prices and 
quantities are known have been connected. These supply 
functions were aggregated in the same way as were the 
milk functions. Aggregate supply functions for hogs and 
the .contribution of each type of farm to the aggregate 
are shown for each of six milk.price levels in figs. 28 
through 33. Regression lines fitted to the aggregate 
figures also are shown." Most of these hog.supply func· 
tions have the characteristic of increased slope with 
higher hog prices. The hog-supply functions for high 
"Hog production from farms capable of producing grade A milk was 
combined with hog product:on from farms capable of grade B produc-
tion with the assumption that the historical milk price differential of 
approximately $1 per cwt. will continue. Both grade B and grade A 
milk prices are listed for the six levels of milk prices for which hog 
supply functions have been derived. 
18.60 












levels of milk prices do not all follow this pattern, how-
ever. In these cases, hog production is excluded until 
rather high hog prices are reached; then, plans include 
substantial hog production. Hog production is included 
in plans for dairy farms at slightly lower hog prices than 
for non· dairy farms. Supply elasticities computed from 
the aggregated functions range from 5.77 to 38.15 in the 
most probable range of prices." 
A production surface, relating optimal aggregate 
levels of hog production to milk and hog prices is shown 
in fig. 34. Figure 34, along with the supply elasticities 
given, shows the optimal level of hog production to be 
very responsive to hog price. Cross·elasticities relating 
hog production to milk price are also high in the price 
range of profitable milk production. Figure 35 indicates 
the relationship between optimal hog production and 
milk.price changes. The cross·elasticities computed (hog 
supply and milk price) range from -0.52 to -6.31 in 
the middle, or most likely, price levels. 
The estimated 1959 pork production for northeastern 
Iowa shown as a contour on fig. 34, was computed from 
Kolmer" and from livestock and meat statistics." The 
"The supply elasticities computed are higher than those of from 0.28 
to 0.74 obtained in a statistical analysis by Dean and Heady (Gerald 
W. Dean and Earl O. Heady. Changes in supply functions and supply 
elasticities in hog production. Iowa Agr. and Home Econ. Exp. Sta. 
Res. Bul. 471. 1959). The previous comments made in reference to 
comparison of elasticities of normative studies with those of statistical 
supply functions for milk apply here. One estimate is not "right" while 
the other is Uwrong." The elasticities depend on the assumptions and 
data characteristics of each type of estimate. 
'"Lee Kolmer: Hog marketing in Iowa. Iowa State University of Science 
and Technology. Coop. Ext. Servo M-919. 1962. 
""Agricultural Marketing Service. U.S. Dept. Agr. Supplement for 1960 
to Livestock and Meat Statistics. U.S. Dept. Agr. Inf. Bu\. 230. 1961. 
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Fig. 28. Aggregate supply function for hogs, showing the contribution of each type of farm, for a grade B milk price of $2.20 and a grade 
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Fig. 29. Aggregate supply function for hogs, showing the contribution of each type of farm, for a grade B milk price of $2.60 and a grade 
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Fig. 30. Aggregate supply function for hogs, showing the contribution of each type of farm, for a grade B milk price of $3.00 and II grade 
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Fig. 31. Aggregate supply function for hogs, showing the contribution of each type of farm, fDr a grade B milk price of $3.40 and a grade 
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Fig. 32. Aggregate supply function for hogs, showing the contribution of each type of farm, for a grade B milk price of $3.80 and a grade 
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Fig. 33. Aggregate supply function for hogs, showing the contribution of each type of farm, for a 
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Fig. 35. Aggregate hog supply quantities as a function of milk 
price. 
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actual production of hogs in 1959 was somewhat higher 
than the 1959 prices ($13.80 for hogs, $3.04 for grade 
B milk) would have dictated under optimal adjustments. 
However, the hog price in 1959 was somewhat lower than 
usual. Farm operators were likely expecting higher prices 
and had gauged their production accordingly. 
Cross-Supply Functions for Beef 
Low prices for milk and hogs cause cattle feeding to 
be the most profitable livestock enterprise. But, high 
prices for milk or hogs divert resources from feeding 
cattle. A production surface, fitted by inspection, is 
shown in fig. 36. The level of 1959 fed· beef production 
for the area, estimated by Kolmer," is shown as a contour 
on the surface. 
Cross-elasticities of beef supply with respect to hog 
and milk prices are quite high where the latter prices 
are high. (See figs. 37 and 38.) The cross· elasticities of 
beef supply with respect to hog prices range from -2.08 
to -9.68 in the most expected price ranges. Two highly 
positive cross-elasticities were computed at hog prices so 
high that dairying ceases to compete for grain and labor. 
Feeder calves become profitable at the higher hog price 
on one farm as forage, and some seasonal labor is freed 
from dairying. Since beef and hogs compete somewhat 
closely for resources, the cross·elasticities tend to be very 
"Lee Kolmer. Cattle marketing in Iowa. Iowa State University of 










Fig. 36. Aggregate supply of beef as a function of milk and hog 
prices. 
452 
high. These cross-elasticities of beef production with 
respect to hog price also tend to increase as hog prices 
are increased. 
In the medium ranges of hog and milk prices, cross-
elasticities for beef with respect to milk price range from 
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Fig. 38. Aggregate supply of beef as a function of milk price. 
80 
-0.36 to -7.89. With high hog prices, change in milk 
price has no effect on optimal beef quantities. Thus, the 
cross-elasticity is zero. Cross-elasticities of beef produc-
tion with respect to milk prices are mostly lower than 
those relating beef production to hog prices, particularly 
at lower milk prices. 
MODIFICATIONS OF THE PROGRAMMING 
PARAMETERS AND MODELS 
Several modifications of the linear-programming 
parameters and models were used to examine particular 
economic considerations of importance to procedures in 
future studies and in farm adjustments. One modification 
was made to investigate the effect of changes in beef 
prices on the farm plans. Another modification allowed 
purchase of land and labor as alternative uses of capital 
and for better reflection of long-run adjustment oppor-
tunities. Although the limited amounts of labor and land 
in the region would not allow all farms to add these 
resources, some farms will do so in the long run. As a 
final modification, the effects of limiting dairy facilities 
to those on hand, or expansion only through stanchion 
barns, were examined_ 
Effect of Smaller Beef-Feeding Margins 
A few farm plans were computed by using the aver-
age beef-feeding margins over the last two complete 
cattle cycles. These margins are somewhat lower than 
the margins used in previous computations. 
For the few program solutions computed, the follow-
ing main changes seem to be effected by the lower feeding 
margins: (1) Cash-grain farming, except for enough 
calves to use forage from permanent pastures and rota-
tions necessary for erosion control, is more profitable 
than beef-feeding at low milk and pork prices. (2) Hog 
production becomes profitable for hog prices $0.20 to 
$0.60 per hundredweight lower than in previous plans 
because of less competition from beef. (3) Milk pro-
duction also becomes profitable for milk prices $0.20 
to $0.40 per hundredweight lower than for previous 
plans, because beef cannot compete so profitably for farm 
resources. ( 4) Compared with the aggregate beef pro-
duction shown previously, the beef-production surface 
would be lowered substantially if all farms were pro-
grammed with lower beef-feeding margins. Also, milk 
and pork production surfaces would be raised in 
commodity space. 
The Farm Expansion Alternative 
Programs were computed in which land-buying and 
. year-round labor-buying activities were incorporated for 
a few farm types and a few of the possible milk price-hog 
price combinations. Both large and small farms were 
programmed with the farm expansion alternatives. Land 
prices (by county) from Murray and Gadsby" were used. 
"W. G. Murray and D. M. Gadsby. What'. the market valua of your 
farm T Iowa Farm Sci. 16 :149-150. 1962. 
Average interest rates and a 20-year repayment schedule, 
in addition to property tax costs, are represented in the 
land-buying activity. Long-term capital-borrowing capac-
ity is based on a 50'percent equity. The labor.buying 
activity requires year-round labor purchase, since season-
al labor is not usually available in large amounts in 
certain parts of the year. 
The results from the solution of the models which 
include land and labor purchasing can be summarized 
as follows: (1) Land purchase is profitable for every 
type of farm and for every level of hog and milk prices 
studied. Farm expansion is decreased, but only slightly, 
at very high prices for milk or hogs, since the long-term 
capital can be used more profitably for buildings. (2) 
For farms with existing dairy housing, milk production 
is profitable at lower milk prices than in previous models 
which assumed farms fixed in acreage. Additional forage 
available from larger farms cause this result. For farms 
without existing dairy housing, dairying is profitable 
only at higher prices than in previous models, since land-
buying is a more profitable use of capital than building; 
dairy facilities. (3) Beef production is restricted to levels 
that utilize the forage from the particular farm acreage 
and currently available housing. Land-buying is more 
profitable than expansion of beef housing as a use of 
long·term credit capacity. Hog production also is de· 
creased to levels consistent with present housing except 
for the highest hog prices used in this study. (4) Buying 
of year· round labor is not profitable for most farm situa· 
tions, since most farms have a surplus of labor during 
at least part of the year. (5) The increase in farm in· 
comes ranges from $200 to $4,000 per farm if expansion 
in acreage is allowed. 
No Expansion of Dairy Facilities 
To examine adjustments under "short·run" or "fixed 
plant" situations for dairying, plans were derived for 
each farm under the conditions where expansion of dairy 
facilities was not allowed. The price maps given previ. 
ously allow a summary of these results. The price maps 
are valid up to any milk price where the number of cows 
equals the amount of dairy housing presently available. 
Plans for milk prices that previously called for expanded 
dairy facilities remain the same as plans that fully utilize 
present facilities. Four of the 10 farm types lack dairy 
facilities and, thus, would not have a dairy enterprise 
under the conditions of this section. While some expan-
sion in herd size would be possible by double·shift 
milking and open sheds, this possibility was not con-
sidered . 
The aggregate supply functions for grade B milk 
with hogs priced at $14.10 and $15.60 per hundredweight 
are shown in figs. 39 and 40, respectively. Functions for 
(a) no expansion of dairy facilities, (b) expansion of 
stanchion barns and (c) loose.housing (parlor) facilities 
are shown for comparison in these two figures. The 
supply functions based on existing dairy facilities have 
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Fig. 39. A comparison of aggregate supply functions for grade B milk where dairy facilities expansion is not allowed, where increase in 
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Fig. 40. A comparison of aggregate supply functions for grade B milk where dairy facilities expansion is not allowed, where increase in 
stanchion facilities is allowed and where loose housing (parlor) milking facilities are allowed for a hog price of $15.60 per hundredweight. 
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those specified in plans where new dairy facilities are 
allowed. The supply functions corresponding to fixed 
dairy facilities become vertical when the limit of present 
barn space is reached. 
Dairy Expansion Limited to 
Present Technology 
Plans in which the dairy enterprises can be expanded 
only with conventional stanchion barns were computed 
for all representative farms to compare this profitability 
with loose· housing techniques. If expansion is not allowed 
through parlor and loose.housing facilities, farm incomes 
and milk supply would both be reduced. The comparison 
of the supply functions can be made from figs. 39 and 
40 for two levels of hog price. 
Up to the point at which loose housing is profitable, 
farm plans and supply functions for expansion only 
through stanchion facilities are identical to those given 
previously. But, for milk prices high enough to cause 
parlors to be profitable, cow numbers and farm incomes 
are lowered when expansion is restricted to stanchion 
facilities. 
In general, abandoning stanchion facilities in favor 
of parlor.milking facilities is profitable only at high milk 
prices ($3.80 to $4.00) and only on large farms. The 
relative profitability, in optimal farm plans, of stanchion 
and parlor dairy systems is shown in fig. 41 for a few 
situations. The horizontal segments of the income curves 
in fig. 41 indicate attainable net income when dairy cows 
are not a profitable alternative. Dairying, either in stan· 
chion or parlor facilities, raises farm income only at milk 
prices and cow numbers high enough to offset the high 
labor and capital costs attached to the first few cows. On 
large farms, where dairy facilities are not currently 
available, but where capital is available, a parlor and 
loose-housing system of dairy facilities is the most profit-
able method of introducing dairying when the price level 
is favorable. Capital and labor on small farms are not 
available in sufficient quantities to support a dairy enter-
prise large enough to spread fixed costs over enough 
cows for parlor and loose-housing facilities to become 
profitable. 
ADJUSTMENT TRENDS AND PROSPECTS 
This section includes an analysis of adjustments that 
have been taking place in northeastern Iowa for several 
years. These trends and characteristics are of interest in 
relation to the normative adjustments reflected from the 
programming models. 
An upward trend in farm size has prevailed since 
1935. The rate of increase in acres per farm grew to 1.4 
percent per year in the period 1954-59 (fig. 't2). Of the 
206 farms in the sample, operators of 35 had enlarged 
their units by renting or buying land in the previous 10 
years, or since the present operator came on the farm 
if he had been on the farm less than 10 years. The aver-
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Fig. 41. A comparison of net incomes for stanchion and parlor 
mil~ing facilities from four selected farms in Soil Area I with hog 
prices set at $14.10 per hundredweight. 
acres. Forty or 80 acres were frequently added to farms, 
but over half of all additions were in units of more than 
100 acres. Whole farms have often been absorbed. 
Younger operators have tended to take over smaller units 
so that they now have larger farms. (See table 3.) 
iii 
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Fig. 42. Size of farms in northeastern Iowa from 1935 to 1959. 
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Farm enterprises are in the process of change as 
farmers make adjustments to improve income and meet 
changing economic situations. One tendency is for dairy-
ing to shift to more specialized farms as suggested by the 
normative analysis of this study. Dairying was the enter-
prise most frequently dropped or added in the past 10 
years by individual farmers (see table 4). Half of all 
grade A milk producers had begun dairying within the 
last 10 years. Nearly half of all who reported no special-
ized dairy facilities had dropped a milk-cow enterprise. 
Although no farmers dropped beef-feeding, many put 
cattle on feed only in particular years according to price 
prospects. Younger farmers had made few changes in 
enterprises, since they had been operating their farms 
for only a short time. Approximately half of those be-
tween 30 and 59 years reported no changes. Farmers over 
50 who made changes almost always dropped enterprises, 
with dairying being the main enterprise dropped. Con-
versely, dairying was the major enterprise added by farm 
operators younger than 50. 







Age distribution of farm operators by farm 
northeastern Iowa farm sample. 
Acres of cropland 
0-99 100-199 200-299 300 or more 
(No. farm (No. farm (No. farm (No. farm 
operetors) operotors) operators) operators) 
.......... 4 16 I 
.......... 9 32 18 I 
.... ____ ._14 26 3 5 
50-59 __________ 21 20 7 3 
60-69 ___ . ______ 7 8 2 
70-79 . ___ ..... _ 2 I 2 
80-82 ........ -. I 
Age not given .. 2 I 
Tot,,1 __________ 60 103 34 9 













structure of farming in northeast Iowa, the industry 
appears highly flexible for the future. The numbers and 
sizes of farms, as well as the types, sizes and degree of 
specialization in particular enterprises, appear highly 
fluid. Hence, it appears that changes and adjustments of 
the magnitude outlined in earlier sections are readily 
possible for the future. 
Table 4. Number of farmers making specified major farm enterprise changes in the last 10 years or since operator came on farm, by type 
of farm.' 





Drop dairy .. __ . _____ .. _________________ ............. _. __ . _______ ... . 
Add dairy ________ ._ ...... ______ .... ______ .. _________ ... _......... 6 
Drop hogs ....... _ ....... ___________ ._ ..... _____ .. ___________________ _ 
Add hogs . _______________ ..... _ ...... ____ .... ______ .. ____________ I 
Drop beef feeding _______________ ................ ____________ _ 
~1~erbece:a~~:~~n~ ... :::::::::::::::::::::::::::::::::::::::::: ._1_ 
No changes reported ._ .. _________ ., _________ .___________ 4 


































"' 66 206 
'Only the one change thought to be most significant was listed for each form. In some cases more than one change occurred. 
'Includes the addition or dropping of a few other livestock enterprises, such as poultry or sheep, and some changes in cropping practices. 
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APPENDIX A 
The crop yield estimates and fertilizer recommenda-
tions in the tables in this Appendix are based on data 
from Shrader et al." The composite yield estimates and 
fertilizer requirements are weighted averages from the 
estimates for each of the soil types and were used in 
constructing the programming coefficients. The soil types, 
slopes, and data for computing percentage of total area 
for each soil type are from various county reports of 
the Soil Survey of Iowa. The recommended fertilizer rate 
is designated as F,. Where no commercial fertilizer appli-
cation is considered, crop activities are designated by F •. 
The symbols N-P-K refer to available nutrients of nitro-
gen (N), phosphate (P,O.) and potassium (K.O). 
respectively. 
"W. D. Shrader. F. W. Schaller. J. T. Pesek. D. F. Slusher and F. F. 
Riecken. Estimated crop yield. on Iowa soils. Iowa Agr. and Home 
Econ. Exp. Sta. and CooP. Ext. Servo Spec. Report No. 25. 1960. 
Table A-I. Crop yield estimates for Area I by crop sequence for the recommended IF,) fertilizer rate. 
So,il type ____ . ___ Carrington Cre.co Clarion Clyde Floyd Tama Fayette Composite 
Crop 'Yo slope ________________ 2-5 2·5 2·5 1·2 1·3 2·5, 5·9 5·9 
sequence Units % of area _______ . ____ 59.5 6.1 1.3 16.3 3.9 7.5 5.4-
Corn 
------------------------ I bu./ A.l 75 6') 72 72 7') R3 72 74.0 Ollts ___ . __________________ .. I bu./ A.) 50 4') 52 48 53 52 44 49.0 
Mcadow, ....... ___________ I T./ A.l 3.2 2.8 3.0 3.0 3.2 3.4 2.8 3.1 
Meadow. · .... ··· ............ IT./A.l 3.2 2.8 3.0 3.0 3.2 3.4 2.8 3.1 
Corn, .. -______ . ____________ I bu./ A.) 75 fO 72 72 75 83 72 74.0 
Corn. ______ . ___ . __________ . I bu./ A.) 73 59 70 70 73 81 70 72.1 
Oats ..... ___ . ___ .. _ .... _ .... I bu./ A.) 50 40 52 48 53 52 44 49.0 
Meadow -.... -.......... --.. IT./A.l 3.2 2.8 3.0 3.0 3.2 3.4 2.8 3.1 
Continuous corn .... I bu./A.) 71 57 68 68 71 79 68 70.1 
Table A·2. Crop yield estimates for Area by crop sequence for the F. fertilizer rate where no commercial fertilizer is applied. 
Soil type _ ... _ ... Carrington Cresco Clarion 
Crop % slope ....... _ ...... __ 2·5 2·5 2·5 
sequence Units % of arell .... _. __ ... _59.5 6.1 1.3 
Corn _ ... _ .... ___ .......... _. I bu./ A.) 52 40 60 
Oats ___ .. _. __ .. _ ............ I bu./ A. ) 36 30 36 
Meadow, .......... __ .... _.IT./A.) 2.0 1.8 2.4 
Meadow. .................. IT./ A.) 2.0 1.8 2.4 
Corn, __ . __ . ____ . ____ ... _ .. __ . I bu./ A.) 48 37 54 
Corn. .. ___ ................... I bu./ A.) 38 26 44 
Oats .. -..................... I bu./ A.) 36 30 36 
Meadow ...... __ ............ IT./ A.) 2.0 I.B 2.4 



















































Soil type .. Carrington 
% slope ___ ..... 2·5 
'Yo of area .. 59.5 
Nutrient .... N·P·K 
Corn .............................. 10·55·40 
Oats ..... __ . __ .... ____ ... _____ ... _ 0·30·30 
Meadow, .. _ ....... __ ... _ ....... _ 
Meadow. _ ....... __ ... _. __ ...... . 
Corn. .. ............................ 10·55·40 
Corn. . ............................. 30·30·30 
Oats .. _ .. ____ . ___ ... _ .. _ .. __ ...... 0·50·30 
Melldow ........ _ ........ _ .. ___ _ 



















































Table A-4. Crop yield estimates for Area II by crop sequence for the recommended IF,) fertilizer rate. 
Crop 
sequence Units 
Corn .................. _ .......... _ I bu./ A.} 
Oats ........ -- ...................... I bu./A.) 
Meadow, .... ____ .. _._. __ .... __ .... IT./A.) 
Meadow. ._ .... _._ .. _ .... _. ___ .... _ IT./ A.) 
Corn, ........................... _._ I bu./ A.) 
Corn. . .. _ .... _ ....... ___ .. _ .. ___ .. _ I bu./ A.) 
Ollts __ ... _ .. __ ...................... I bu./ A.) 
Meadow .... _ ..................... IT./ A.) 
Continuous corn .. -..... __ Ibu./A.) 
Soil type ..... _ .. Carrington 
% slope .......... __ .... 2·5 
































































Table A-5. Crop yield estimates for Area II by crop sequence for the F. fertilizer rate where no commercial fertilizer is applied. 
Crop 
sequence Units 
Corn ................................ (bu./A.) 
Oats ________ .. __ .......... ______ .. __ (bu./A.) 
Meadow! .. __ .... ____ .. __ .... ________ (T./A.) 
Meadow, .. ______________________ .... (T./A.) 
Corn, ________ .. ____________________ (bu./ A.) 
Corn, ______________________ .. ______ (bu./ A.) 
Oats __ .... __________________ .... ___ (bu./A.) 
Meadow ______________ .. ____________ (T./ A.! 
Continuous corn __________ (bu./ A. 
Soil type ________ Carrington 
% slope ________________ 2-5 






































Soil type ________ Carrington 
'Yo slope ____ .. __________ 2-5 
% of area . _________ 12.0 
Nutrient ____________ N-P-K 
Corn _____________ ... ____ . ____ .. ____ . ________ .. ____ .. ________ .. 10-55-40 
Oats _________________ .. ________________________ .. __ ... ________ 0·30-30 
Meadow, ______________________ .. ________________________ .. __ 
Meadow, _____ .. __ ... ______________________________ . __ . __ .. __ 
Corn, _____ . ____________________________________________________ 10-55-40 
Corn. ____ .. _________________ . _____________________ . ____________ 30·30-30 
Oats ____________________________________________________________ 0-50-30 
Meadow ___ ... ____ .. ____ . _________ ... ____ .... ______ ... ____ __ 


























Plow (3-14") ----------------------------1.751 
Disk, 10' ______ .. _____ .. _____________ .. ______ 0.53 
Disk, 12' ____________ .. ______________________ 0.46 
Harrow, 20' ::::::::::::::::::::::::::::::g:~~J Harrow. 25' 
Drill, 10' _______ .. ________________ . ________ .. 0.52 
Drill, 12' ______ .. ____ .. _______________ .. __ .. _0.43 
Corn planter, 
2-row ______________________________________ 0.82 
4-row ____________________ .. __ ... __ .... _____ 0.40 
Cultivator, 2·row 
1st time ________ .. __ .. ____ .. __ .... ______ 0.69 
2nd time .. _____ .. __ . __ .. ____ .. ____ .. ____ 0.62 
3rd time __ ... ____ .... ____ ...... _________ 0.56 
Corn picker, 
I-row .. __________ .... ______________________ 2.43 
2-row ________________________________ .. ____ 1.21 
Mower, 7' .. ____________ ..... _____ . _______ 0.48} 
Rake, 8' _________________ ..... ___ .. __ ... ____ 0.38 
Combine, 6' __________________ ... _________ 1.44 
Field chopper, P.T.O. ___________ ... 0.5 
Hauling and storing } chopped for~ge _________ .. ____ . 1.1 
Hauling and storing bales .. __ 1.4 
Baler, P.T.O. ______ . _______________ . ____ .0.9 
Rep~irs end servicing' 
Total Acres Cost 
cost Over per acre 
$96.15 124 $0.78 
5.40 54 0.10 
12.62 72 0.18 
27.64- 203 0.14-
27.04 45 0.60 
78.13 96 0.81 
43.27 77 0.56 
56.08 48 1.17 
93.75 77 1.22 
54.09 178 0.39 
63.70 190 0.34-
'Sources of data are: The Minnesota Farm Record Project: ~nd 
James Ulvilden. Farm I~bor. power and m~chinery perform~nce for 
selected operations. S.D. Agr. Exp. St" .. Agr. Econ. Pamphlet 43. 
1953. 
'Fuel for power unit. 
'Per operation: i.e., if disking twice, multiply by 2, etc. For every 
$1 spent for fuel about 16.33 cents will cover tractor repairs and 
another 16.33 cents will cover the cost of grease and oil. Items such 
as twine or wire are not included. 
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This Appendix includes some of the basic input-
output data for the programming coefficients. Details on 
labor requirements are provided only for crops and 
dairying, since presentation of similar data for all other 
enterprises would require too much space. Other input-
output data used is found in Andersen." 
"Jay C. Andersen. Optimal farm plans and normative supply schedules 
for milk and competing products in northeastern Iowa. Un.published 
Ph.D. thesis. Iowa State UniVersity Library, Ames, Iowa. 1962. 
Table B-2. Overhead labor requirements by use of labor', '. 
Item 
Hours of labor 
(dairy farms) 
FII rmstea d __________ ......................... ___ 99 
Building repair ...... __________ .............. 168 
Fences .......... ___ ........ __ ...... ___ .... _____ ... 87 
Machinery and equipment ........ __ 199 
Tractor repa i r __ ...... __ .. _______ ........ _.... 27 
Truck and auto repair .... __ .. __ .. __ .... 15 
Farm business __ .. ____ ............ ____ .. ______ 161 
Miscellaneous __ .. ____ ............ ______ .... __ 38 
Total overhead __ .... __ .. __ ....... __ .. _.. 794 
Other la bor ______ .... _______ .. __ .. ____ .. .4, I 67 
Percent overhead is of 
total labor .. ____ .......... __ .. ________ 16.0 
Average acres .. _____ .............. __ ....... 190 
Hours per acre (overhead) _____ ... 4.18 
Hours of la bor 














'The overhead labor requirements were distributed seasonally as 
follows: Jan.-Mllr., 16.8%; Apr.-May, 14.4'Yo; June-July, 21.7'X' 
August, 11.2%; Sept.-Oct., 22.3%: Nov.-Dec., 13.6'X. 0' 
'Source of data is M.innesota Farm Record Project. a 
Table B·3. Production costs and labor requirements Tor cropping sequences with costs and labor Tor harvesting excluded. 
Unit 
Machinery costs .................................................. Dol. 
Seed costs ........................... _ ............................... Dol. 
Tractor costs ........................................................ Dol. 
Fertilizer llnd costs .................................... Dol. 
Total cost (4-
spray 
yellrs) ............................................ Dol. 
Annual cost ............................................... __ ...... __ ... Dol. 
Labor 
Jan.·Feb.·Mllr . ........... ____ .................... __ ............. Hrs. 
Apr.·MllY .......................................................... Hrs. 
June·July ............................................................ Hrs. 
Aug . ................................................... __ ............... Hrs. 
Sept •. Oct • .......................................................... Hrs. 
Nov.·Dec • ........... __ ............................................. Hrs. 
Unit 
Machinery costs .................................................... Dol. 
Seed costs .............................................................. Dol. 
Trllctor costs : ..................................... __ .................. Dol. 
Fertilizers and spray costs .................................. Dol. 
Total cost (4 years) ............................................ Dol. 
Annual cost ....... __ ................................................... Dol. 
Labor 
Jlln.·Feb.·Mar . ................................ __ ................ Hrs • 
Apr.·May .................................... __ .................... Hrs. 
June.July ............................................................ Hrs. 
Aug. .................................................................... Hrs. 
Sept.·Oct. .......................................................... Hrs. 
Nov.·Dec. . ......................................................... Hrs. 





I ............. .4,260 
2 .............. 2,380 
















































'Sources of datil lire: John C. Redman and Russell O. Olson. Eco· 
nomic problems in feeding dairy cows. Ky. Agr. Exp. Sta. Bul. M8. 
1956; Ellrl O. Heady, John A. Schnittker, N. L. Jllcobson and 
Solomon Bloom. Milk production functions, hay/grllin substitution 
rates and economic optima in dairy cow rations. Iowa Agr. and 
Home Econ. Exp. Sta. Res. Bul. 444. 1956; and E. Jensen, J. W. 
Klein, E. Rauchenstein, T. H. Woodward llnd R. H. Smith. Input. 
output relationships in milk production. U. S. Dept. Agr. Tech. Bul. 
81S. 1942. . 
The estimates were mllde by using predetermined grllin: milk 
ratios of I :2.S, 1:4- and 1:6 with cows fed forage at the stomllch 
limit capacity. It is assumed thllt the forage was of medium quality 
and that the cows ore capable of giving 10,000 pounds of 3.5· 
percent fllt·correlated milk when fed at the 1:4 grain: milk ratio. 
Replocements require 2.613 pounds hay equivalent ond 836 pounds 
grain (corn equivalent] of which 1M pounds is soybean oilmelli. 
This assumes other dlliry cattle ore in the herd in numbers equal to 
95 percent of the cows. 
"I neludes lln estimated wastage of hllY of 8 percent. Roughllge 
obtainllble from pllsture is included in the roughage requirements. 
Arell 
COMM CCOM CCOM C 
F. F. F, F. 
7.12 8.M 8.36 1.38 
10.61 13.61 13.61 3.00 
2.51 5.70 4-.50 2.62 
15.81 29.52 
36.05 27.95 56.Q3 
9.01 6.99 14-.01 7.00 
0.502 0.74-7 0.74-7 0.98 
1.123 1.407 1.4-07 1.773 
0.318 0.159 0.159 
0.343 0.616 0.616 1.094-
Area 
" COMM CCOM CCOM C 
F, Fo F, F. 
7.12 8.64- 8.36 1.38 
10.61 13.61 13.61 3.00 
2.51 5.70 4.54 2.62 
10.47 23.80 
30.71 27.95 50.31 
7.68 6.99 12.58 7.00 
0.S02 0.747 0.74-7 0.980 
1.123 1.407 1.407 1.773 
0.318 0.159 0.159 


































(hours/week) (hours/week) (factorl 3 
Milking: 
2 single units, I worker .......... -.4.2630 
3 single units, I worker ........... .4.4809 
Cleaning and preparation of 
utensils: 
2 single units, manufacturing 
milk, Cllns ................................ 3.62 
2 single units, grade A, 
cans or bulk tank .................. 5.13 
3 single units, manufacturing 
milk, cans ................•...•.......... .4.42 
3 single units, grade A, 
bulk tank ................................ 5.95 
Hay feeding: 
Baled hay, fed once a day ...... 1.0699 
Baled hay, fed twice a day ...... 1.06599 
Silage feeding: 
Mechanically unloaded with 
ca rt .......................................... 1 .0939 
Manually unloaded with cart .... 1.4239 
Grain feeding: 
Fed once a day ........................ 0.6278 
Fed twice a day ........................ 1.1872 
Manure-handling: 
Gutter cleaner .......................... 2.5965 
Drive through or litter 
carrier ...................................... 3.4707 
Bedding: 
Baled and chopped .................. 1.2246 
Other routine work .................... 0.8564 
Care of dairy cattle 
not in stanchions .................... 3.6409 
Miscellaneous labor: 
Dairy cattle in stanchions ........ 0.96 





























'These labor requirements were developed from: H. J. Aune and 
L. M. Day. Determining the effect of size of herd llnd equipment on 
dairy chore labor. Jour. Farm Econ. 41 :569-583. 1959; llnd L. M. 
Day, H. J. Aune and G. A. Pond. Effect of herd size on dairy chore 
lobor. Minn. Agr. Exp. Sta. Bul. 449. 1959. Labor for feed grinding 
was added at the rate of 1.24 hours per ton. 
'This is the total labor requirement for the first five cows (includes 
both fixed and variable labor) so these values were divided by five 
to get the per·cow labor requirement for the first five cows. 
'This factor is the proportion of cows in herd for which each task 
is performed. 
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Table B-6. Summer and supplemental feeding-season labor require-










2 units, worker ........................ 5.0184 
3 units, I worker ........................ 3.1823 
Cleaning and preparation of 
utensils: 
2 units manufacturing milk, 
cans ........................................ 3.72 
2 units grade A, cans or 
bulk tank ............................... .4.37 
3 units m!!lnufacturing milk, 
cans .......................................... 4.32 
3 units grade A, bulk tank ...... 5.46 
Hay feeding (summer): 
Baled h!!lY, fed inside ................ 1.39 
Baled hay, fed outside ............ 0.85 
Hay feeding (supplemental 
seasons): . 
Baled hay, fed outside ............ 1.41 
Baled hllY, fad inside, 
once a day ........................... 1.06 
Baled hay, fed inside, 
twice a day ............................ 2.59 
Grain feeding: 
Fed once a day ........................ 1.06 
Fed twice a day ........................ 1.72 
Manure-handling: 
Gutter cleaner .......................... 1.63 
Drive through or litter carrier 
(grade A producers) ............ 1.84 
Drive through or litter carrier 
(manufacturing milk 
producers) .............................. 1.05 
Beddi ng ...................................... 0.0530 
Other routine work .................... 2.820 
Care of cattle not in stanchions: 
Pens only .................................... 0.7942 
Pastured separately only .......... 0.8178 
Miscellaneous labor: 
Dairy cattle in stanchions ........ 0.62 
Dairy cattle not in stanchions .. O.O 185 



















'These labor requirements were developed from: H. J. Aune and l. 
M. Day. Determining the effect of size of herd lind equipment on 
dairy chore labor. Jour. Farm Econ. 41 :569·583. 1959; and L. M. 
Day, H. J. Aune and G. A. Pond. Effect of herd size on dairy chore 
I"bor. Minn. Agr. Exp. Sta. Bul. 449. 1959. Labor for feed grinding 
was added at the rate of 1.24 hours per ton. 
'This is the total labor requirement for the first five cows (includes 
both fixed and variable labor) so these values were divided by five 
to get the per-cow labor requirement for the first five cows. 
3This factor is the proportion of cows in herd for which each task 
is performed. 
Table B-7_ Winter labor requirements for dairy cattle with loose-




for fi rst 
five cows 
(hou rs/week) 
Mil kin g ............................................ 0.5523 
Cleaning bulk tank ........................ 0.2890 
Clean-up of parlor ........................ 1.0033 
Preparation of equipment ............ 0.7088 
General cleaning .......................... 0.6360 
Bedding .......................................... 0.1904 
Calf-feeding .................................. 0.4256 
Misce Iia neous ................................ 0.6650 
Hay.feeding .................................... 0.0545 














'These labor coefficients were developed from: H. J. Aune and 
L. M. Day. Determining the effect of size of herd and equipment 
on dairy chore labor. Jour. Farm Econ. 41 :569-583. 1959; and E. I. 
Fuller and H. R. Jensen. Alternative dairy chore systems in loose-
housing. Minn. Agr. Exp. Sta. Bul. 457. 1962. 
Labor for feed·grinding was added at the rate of 1.24 hours per 
ton. Labor for silo.opening is 1.86 hours per silo. Labor for manure-
houling was computed at the rate of 15.276 hours + (1.938 x 
number of cows in herd). Manure-hauling labor was divided be-
tween March and April. 
'This factor is the proportion of cows in herd for which each task 
is performed. 
Table B-8. Summer labor requirements for dairy cattle with loose-







Milking .......................................... 0.5357 
Cleaning bulk tank ...................... 0.2574 
Clean-up of parlor ...................... 0.8926 
Preparation of equi pment .......... 0.6382 
General cleaning ........................ 0.3860 
Bedding calves ............................ 0.1892 
Calf-feeding ................................ 0.1126 
Miscellaneous ................................ 0.5786 
Hay-feeding (I x per day) 
regular summer months .......... 0.1340 
Hay-feeding (2 x per day) 
beginning Sept. 15 .................. 0.2320 




















'These labor coefficients were developed from: H. J. Aune and 
L. M. Day. Determining the effect of size of herd and equipment on 
dairy chore labor. Jour. Farm Econ. 41 ;569-583. 1959; and E. I. 
Fuller and H. R. Jensen. Alternative dairy chore systems in loose-
housing. Minn. Agr. Exp. Sta. Bul. 457. 1962. 
Labor for feed·grinding was added at the rate of 1.24 hours per 
ton. 
'This factor is the proportion of cows in herd for which each task 
is performed. 
Table B-9. Miscellaneous costs for dairy cows, per head.' 
Item 
Equip- Mis-
Herd size Power ment Shelter cellaneous Total 
($/head) ($/head) ($/head) ($/head) ($/head) 
Cows: 
6-13 head ........... .3.62 8.63 6.78 23.83 42.86 
14·21 head ........... .3.62 8.63 5.65 23.83 41.73 
22 or more head .... 3.62 8.63 4.14 23.83 40.22 
Other dairy cattle: 
7-15 head ............ 1.21 4.52 2.07 7.80 
16-24 head ....... __ ... 1.21 2.64 2.07 5.92 
25 or more head .... 1.21 2.26 2.07 5.54 
'Source of data is: Paul R. Hasbargen and George A. Pond. Plan-
ning farms for increased profits. Minn. Agr. Exp. Sta. Bul. 445. 1957. 
Table B-IO. Costs of expanding dairy facilities by types of facility.' 
Facility Cost per cow 
Stanchion barn, one·story . 
(no milk house added) ..................................... __ ... $529.31' 
Loose-housing (pole-barn and 
concrete yard requirements) ................................ 112.00' 
Milking-parlor (herringbone double-4 
building, feeder, stalls and milking equipment) .. 7,353.00' 
Bulk tank ..................... __ ............................................... 1 ,500.00 fixed cost 
plus 50.00 per cow 
'Source of data: C. R. Hoglund, J. S. Boyd and W. W. Snyder. 
Herringbone and other milking systems: operations and investments. 
Mich. Agr. Exp. Sta. Quart. Bul. 41, No. 3:1-15. Feb. 1959; and J. 
R. Strain, R. C. Fincham, Earl O. Wright and F. W. Roth. Dairy 
enterprise alternative evaluation sheet. Iowa Coop. Ext. Servo Publ. 
No. M-913 (Rev.). 1959. 
'Includes space for replacements at the rate of 0.95 head of ether 
cattle in the herd to every cow. Space for cows is provided at the 
rate of 2.75 linear feet per cow. 
"Assumes housing young stock in old stanchion barn. Space for cows 
is provided at the rate of 75 square feet per cow. 
'This is a total cost and as such is charged against the first five 
cows. The variable cost of expanding beyond five cows is only the 
cost of the pole-barn and concrete yards. 
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Table C-I. Prices used in computing optimum farm plans. 
Unit 
Seed and fertilizer 
Corn ................................................................ bu. 
Oats ...................................................•.............. bu. 
Alfalfa .............................................................. Ib. 
Nitrogen (N) ................................................. .lb. 
Phosphorous (P.O.) ....................................... .lb. 
Potassium (K.O] ............................................ Ib. 
Feed and grain 
Corn .................................................................. bu. 
Oats ................................................................. bu. 
De i ry su ppleme nt .......................................... cwt. 
Calf starter ................................................ cwt. 
Be~il:u ~~r~~~e:t ::::::::::::::::~:::::::::::::::::::::::::::~:~: 
Hog supplement ............................................ cwt. 
Livestock a nd livestock products 
Feeder calves ................................................ cwt. 
Choice·fed steers: 
Drylot .......................................................... cwt. 
P a stu re d ...................................................... cwt. 
Deferred •..................................................... cwt. 
Medium yearlings ........................................ cwt. 
Dairy cows ....... _ ..................................... per cow 
Cull dairy cows ............................................ cwt. 
Milk heifers .......................................... per heifer 
Veal calves .............................................. per calf 
Sows ................................................................ cwt. 
225-pou nd ma rket hogs .............................. cwt. 
Manufacturing.grade milk .......................... cwt. 
Grade A milk ................................................ cwt. 
Housing and equipment (investment cost) 
Silo capllcity ............................................ per ton 
Stanchion barn ..... __ .......... , ................... per cow 
Milking parlor including milking 
equipment and bulk tank ................ unit cost 
Pole shed (for beef or 
loose housing dairy) ....................... per A.U. 




















































Table 0-1. Resource availability by area and stratum (representative farml! 
Resource Unit 
Cash on hend •................................................. dollars 
Short-term credit borrowing capacity" ........ dollers 
Long.term credit borrowing capacity' ........ dollors 
Cropland ............................................................ acres 
Operator and femily labor: 
Jan.-Feb.-Mllr. . .. _ ............................................ hours 
Apr.-Mey _ ... _ ................................................... hours 
June-July _ ....................................................... hours 
Aug. _ ............................................................... hours 
Sept.-Oct •........................................................ hours 
Nov.-Dec. . ....................................................... hours 
Lebor-hiring limitation:' 
Ja n.-Feb.-M ar. . .. _ ............................................ hours 
Apr.·May ........................................................ hours 
June-July ....................................................... hours 
Aug. . .............................. _ ................................ hou rs 
Sept.-Oct. _ ..................................................... hours 
Nov.-Dec. . ...................................................... _hours 
Corn-acres limit' ................................................ acres 
Dlliry cllpllcity (stanchion barn) ...................... cows 
Fllrrowing cllpacity ........... _ .. : ........................... Iitters 
Beef capacity ........................................ lInimlll units 
Silo capacity _ ..... : ................................................. tons 
Permanent pasture production .................... tons hay 
equivalent 
Resource Unit 
Cash on hand .................................................. dollars 
Short-term credit borrowing copacity' ........ dollllrs 
Long-term credit borrowing capacity' ........ dollllrs 
Cropla nd ............................................................ lIcres 
Operlltor end family I~bor: 
Jlln.-Feb.-Mllr •......................•......................... hours 
Apr.-MIlY ................•...................................... hours 
June-July ........................................................ hours 
Aug. . ............................................................... hours 
Sept.-Oct. .. .................................................... hours 
Nov.-Dec. . ....................................................... hours 
Lllbor-hiring limitation:' . 
Jen.·Feb.-Mar. . ............................................... hours 
Apr.-May ........................................................ hours 
June-July ............................... _ ........................ hours 
Aug. . ............................................................... hours 
Sept.-Oct. . ..................................................... hours 
Nov.-Dec. . ....................................................... hours 
Corn-acres limit' ................................................ acres 
Dairy capllcity (stanchion barn) .................... cows 
Farrowing cllpllcity ......................................... .litters 
Beef capllcity .......................................... animal units 
Silo cllpecity ........................................................ tons 










































































































facilities farm fllrm 
2.359.22 1,392.13 1,178.49 
6,522.00 3,618.00 4.134.00 
30.200.00 14,109.00 22,286.00 
234.7 96.8 196.8 
835 789 921 
712 664 741 
736 758 809 
356 379 401 
652 642 737 
528 515 766 
156 65 67 
165 77 73 
212 89 90 
101 40 46 
127 59 52 
161 38 50 
230.1 94.8 192.8 
18.0 19.0 
28.9 11.8 15.8 
43.1 10.0 11.0 
41 59 75 
14.6 15.1 16.0 
Area II 
Large 





2,465.92 935.22 1,357.62 
5,540.00 2,546.00 5,332.00 
20,998.00 10,819.00 20,292.00 
189.8 90.5 214.8 
689 829 991 
553 671 845 
594 714 889 
300 362 444 
527 684 804 
457 537 599 
116 92 138 
218 76 138 
368 97 133 
188 47 89 
240 67 151 
148 67 80 
121."1- 57.9 137."1-
16.0 21.0 
20.8 13.8 21.8 
60.6 10.0 23.8 
26 23 52 
22.0 32.4 39.4 
'See mllP, fig. I, for designation of area. The resources available in each of the 10 strata are averages from the fllrm survey. Each farm in 
the survey WIIS placed in one of the 10 strlltll. The five farm types are: (I) fllrms hllving grllde A dairy facilities; (2) farms having less 
than 130 acres croplllnd lind no dairy facilities; (3) farms having 130 IIcres or more of croplend and no dairy facilities; (4) farms hllving 
less than 130 acres croplllnd and having dlliry facilities for producing manufacturing-grllde milk; lind (5) farms having 130 or more IIcres 
of cropland and having facilities for producing manufllduring-grade milk. 
'Short-term credit borrowing capacity was restricted to half of the average of farmers' equity in mochinery plus varying percentages of 
livestock investment costs as livestock were introduced into the farm plans. 
'Long-term credit borrowing capacity was restricted to half of the average of the fllrmers' equity in real estate. This type of credit was used 
only for building investments in the program. 
'Labor hiring was limited to the amount that had been hired previously plus the average amount of off-farm work done by the farm 
operators. 
'Corn-acres limit was computed as a percentage of the totlll cropland acres thllt could be planted to corn to hold erosion losses to tolerable 
levels. 
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